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Abstract of RU21 07263 

FIELD: instrumentation engineering. SUBSTANCE: screened electromechanical device provides for 
bilateral conversion of mechanical and electrical energy. It has winding assembly coupted to its far end 
and magnetic assembly coupled to its near end. Magnetic assembly is intended for interaction with 
winding assembly. Winding and magnetic assemblies are surrounded by screening assembly designed to 
reduce magnetic field outside the above-indicated screening assembly. Mass flowmeter has support and 
continuous loop of pipe line secured reliably to support at its inlet and outlet ends. Loop is exposed to 
effect of drive screened electromagnetic device which oscillates loop near oscillation axis. Sensor is 
designed to measure values of Coriolis forces arising as a result of oscillatory motion to which mass flow 
in loop section is subjected. EFFECT: more effective construction, 25 cl, 6 dwgh 
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(57) PecjDepaT: 

Mcnorib30BaHne: MaccoBbie pacxoAOMepbi c 
KOJie6aTenbHbiMH Tpy6onpoBOAaMH 
KopnonncoBa Tuna. CymHOCTb M3o6peTeHHfi: 
3KpaHnpoBaHHoe oneKTpoMexaHMMecKoe 
ycTpowcTBO, oSecneHMBafOLnee B3anMHoe 
npeo6pa30BaHne MexaHMHecKOM n 

sneKTpuHecKow 3Hepn/in, niweeT y3en o6motkh, 
coeAHHeHHbiM c ero AanbHHM kohljom, m 
MarHMTHbiM y3en, coeAHHeHHbiw c erro 6jim>khmm 
KOHU.OM. MarHMTHbM y3en npucnocoGneH Arm 
B3anMOAePicTBH^ c y3noM o6motkh. Y3en 
o6motkm h MarHHTHbiCi y3en OKpyweHbi 
3KpaHnpyK)L4HM ysnoM, npwcnoco6.neHHb.iM 
yMeHbiuaTb MarHMTHoe none CHapy>KH 
yKa3aHHoro SKpaHnpyfou^ero y3na. MaccoBbiw 
pacxoAOMep BKntonaeT b ceoa cynnopT m 
HenpepbiBHyw neuiK) TpySonpoBOAa, npoHHO 
npuKpenneHHoro y cbomx BnycKHoro n 
BbinycKHoro kohljob k cynnopTy. Ha neTJiHD 
AewcTByeT 3KpaHnpoBaHHoe aneKTpoMarHHTHoe 
ycTpoCicTBO npuBOAa, KOTopoe KoneoneT nemto 
B03ne ocm Kone6aHna. flaTMMK npncnoco6neH 



M3Mep?1Tb BeJIMHMHbl CMJ1 KopHOJIMCa, 
B03HHKahOU4MX B pe3yJlbTaTe TORD, HTO MaCCOBbM 

noTOK b MacTH nemn noABepraeTCfl 
Kone6aTeribHOMy ABM>KeHMfo. 6 c. n 19 3.n. 
cf-ribi, 6 v\n. 
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(57) Abstract: 

FIELD: instrumentation engineering. 
SUBSTANCE: screened electromechanical 
device provides for bilateral conversion of 
mechanical and electrical energy. It has 
winding assembly coupled to its far end and 
magnetic assembly coupled to its near end. 
Magnetic assembly is intended for 
interaction with winding assembly. Winding 
and magnetic assemblies are surrounded by 
screening assembly designed to reduce 
magnetic field outside the above-indicated 
screening assembly. Mass flowmeter has 
support and continuous loop of pipe line 
secured reliably to support at its inlet and 
outlet ends. Loop is exposed to effect of 
drive screened electromagnetic device which 
oscillates loop near oscillation axis. 
Sensor is designed to measure values of 
Coriolis forces arising as a result of 



oscillatory motion to which mass flow in 
loop section is subjected. EFFECT: more 
effective construction. 25 cl, 6 dwg 
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M3o6peTeHi/ie OTHOCMTca k 

sriBKTpoiviarHHTHbiM ycTpoficTBaM npuBOfla flTI^ 
MaccoBbix pacxoflOMepoB c Kone6aTenbHbiMW 
Tpy6onpoBOAaMM KopnonncoBa Tuna. 

B OTBeT Ha HeoGxoAHMOCTb M3MepaTb 
KonnHecTBO MaTepnana, noAaBaeivioro no 
Tpy6onpoBOflaM, 6bin pa3pa6oTaH pfiA tmiiob 
pacxoAOMepoB Ha paannHHbix npMHU,Mnax. Oamh 
M3 Han6onee LunpoKO ncnorib3yeMbix tmiiob 
pacxoAOMepoB ocHOBaH Ha o6~beMHOM noTOKe. 
ripn onpeAeneHkiM KonnnecTBa noAaBaeivioro 
MaTep^ana TaM, rAe nnoTHOcTb MaTepnana c 
TeMnepaTypoM nnn noAaneCi M3MeHaeTca, nnn 
TaM, rfle TeKynaa cpeAa, HaKaHMBaeMaa nepe3 
Tpy6onpoBOA, MHorocjDa3Haa, TaKaa KaK LunaM, 
nn6o TaM, rAe TeKynaa cpeAa aBnaeTca He 
HbfOTOHOBCKoPi, TaKOM KaK MaCioHe3 m Apyrne 
nuLi^eBbie npoAyKTbi, ob"~beMHbie pacxoAOMepbi b 
nyMLueM cnyMae HeTOMHbi. KpoMe Toro, 
o6"beMHbiMM pacxoAOMepaMM HeyAoSHO 
o6cny>KHBaTb xuMMHecKne peaKL4nn, KOTopbie 
aBnaKyrca cneACTBueM MaccoBbix peaKLjMM, rAe 
nponopunH peaKraHTOB KpnTMHHbi. 

C Apyrow CTopoHbi, MaccoBbiM pacxoAOMep 
npeACTaBJiaeT npn6op, KOTopbiM o6ecneHMBaeT 
HenocpeACTBeHHyto MHAHKai4HK) Maccbi, b 
npoTHBonono>KHocTb o6"beMy MaTepnana, 
noAaBaeMoro no Tpyo"onpoBOAy. Pa3iiMHHbie 
cnoco6bi M3MepeHMfl MaccoBoro noTOKa b 
ABUxeHMfl TpeGyHDT npunoKeHUfl k noTOKy curibi 

M ASTeKTHpOBaHMfll M M3MepeHMa HeKOTOpblX 

nocneACTBUM npunoxeHna curibi. 

Oahh Knacc n3MepnTenbHbix MaccoBbix 

paCXOAOMepOB OCHOBaH Ha XOpOLUO H3BeCTHOM 

scjxfceKTe Kopnonnca. ripuMep MaccoBoro 
pacxoAOMepa KopnonncoBa Tuna pactcpbiT b 
HaxoA^LneMca Ha OAHOBpeMeHHOM 
paccMOTpeHMM naTeHTHoPi 3aaBKe CLUA N 
923847, noAaHHOM 28 OKTaSpa 1986 r. 
MaTTapoM m AP , 03arnaBneHHOM "MaccoBbM 
pacxoAOMep KopnonncoBa Tuna", 

nepeycTynneHHOM npaBonpeeiviHUKy HacTOfiLnero 
M3o6peTeHna n i^ennKOM BKJiKweHHOM ckDAa 
nocpeACTBOM ccbinKM. 

MHorne MaccoBbie pacxoAOMepbi 
KopnoriMCOBa Tuna co3AaK)T cuny KopMormca 
nocpeACTBOM ci/iHyconAajibHoro Kone6aHMfl 
TpybonpoBOAa B03Jie ocu noBopoTa, 
opToroHaribHOM k AJiMHe TpySonpoBOAa. B TaKOM 
MaccoBOM pacxoAOMeTpe cunbi Kopnoj~mca 
Bbipa>KaioTca b paA^anbHOM nepeMemeHMM 
Maccbi bo BpaLU,aiomeMca TpySonpoBOAe. 
MaTepnan, npoTeKafouiMM nepe3 TpyconpoBOA, 
CTaHOBMTCfi paAnanbHO nepeMemaioLneMca 
MaccoM, KOTopaa, cneAOBaTenbHO, 
noABepraeTca ycKopeHMfo. PeaKLiMa cunbi 
KopnoriMca, ncnbiTbiBaeMan nepeMeuiaromePica 
MaccoPi TeKynew cpeAbi, nepeAaeTca caMOMy 
Tpy6onpoBOAy n Bbipa>K.aeTca b BMAe 
OTKTiOHeHMfl mum CMemeHMa Tpy6onpOBOAa B 
HanpaBneHUM BeKTopa curibi Kopnonnca b 
nnocKOCTM noBopoTa. 

OCHOBHOM TpyAHOCTbfO B 3TMX 

Kone6aTenbHbix cucTeMax aBnaeTca to, hto 
curia Kopnonnca, a cneAOBaTenbHO, w 
pe3ynbTMpyKomee OTKnoHeHne, Maria no 
cpaBHeHHK) He TonbKO c ycunneM npuBOAa, ho 
Aa>Ke c nocTopoHHMMH Bn6paL4MfiMM. C APyroPi 
CTopoHbi, KoneoaTenbHafl cucTeMa MO>KeT 
Mcnonb30BaTb CBOMCTBa ynpyroro M3rw6a 
caMoro TpySonpoBOAa Ana Kone6aHWM, hto 
ycTpaHfieT Heo6xoAHMOCTb b OTAenbHbix 
noBopoTHbix mjim th6khx COeAHHeHMflX n 
noBbiujaeT MexaHnnecKyKJ HaAe>KHOCTb n 
AonroBeMHOCTb pacxoAOMepa. KpoMe Toro, 
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Kone6aTenbHafl cwcTeMa npeAnaraeT 

B03MO>KHOCTb MCnOJ1b30BaHHfl pe30HaHCHOM 

nacTOTbi Bn6pau.nn caMOM Tpy6bi, HTo6~bi 
yMeHbLUMTb Heo6xoAMMyjo SHeprura npMBOfla. 

OHeprna npuKJiaAbiBaeTca k Tpy6aM 
MexaHH3MOM npMBOAa, KOTopbM Kone6neT nx 
nyTeM npnrio>KeHi/m nepnoAn^ecKoro ycunnfl. 
TunnHHbiM npuMepoM Tuna MexaHM3Ma npMBOAa 
fiBJiseTCfl sneKTpoMexaHMHecKUM npuBOA, 
KOTopbiw co3AaeT nepeMeu^eHMe, 

nponopunoHanbHoe Hanpa^eHnto, 
npuKnaAbiBaeMOMy k o6MOTKe. B 
Kone6aTenbHOM pacxoflOMepe 
npuKnaAbiBaeMoe Hanpa>KeHMe ^BnaeTca 
nepnoAMHecKMM n b o^meM cnHyconAa-nbHOM. 
KaK ynoMAHyTO Bbiiue, HTo6bi yMeHbLUMTb 
3HeprnKD 3 HeoSxoAHMyto Ana co3AaHna 
KoneGaHnPi, nepnoA BXOAHoro HanpaxeHMfi n s 
cneAOBaTenbHO, ycmins npuBOAa, Bbi6npaK3TCfl 

T3K, HTOSbl COOTBeTCTBOBaTb peSOHaHCHOM 

nacTOTe Tpy6bi. 

Curia Kopnonnca, co3AaBaeMaa b 
pe3ynbTaTe Kone6aHHM, n noTOK Maccbi BHyTpn 
Tpy6bi n3Mep?iK)TC?i AaTMMKaMM, Taioxe 
pacnono>KeHHbiMH Ha Tpy6e pacxoAOMepa. B 
HeKOTopbix cnyHaflx >KenaTenbHO ycTaHaBJiMBaTb 

AaTHMKH B TeCHOM 6J1M30CTH K MeX3HM3My 

npuBOAa. HanpuMep, b HeKOTopbix cucTeMax 
TaKoe ycTpoPicTBO BbipaxaeTca b 6onee tomhom 
onpeAeneHMM curibi KopMonnca, co3AaBaeMOM 
TpyGoM pacxoAOMepa. 

Uenbio HacToamero M3o6peTeHM^ ftBnnercn 
ynyHLueHne xapaKTepucTHK sneKTpoMarHHTHbix 
ycTpoPicTB npuBOAa m ast^hkob. Bonee tohho, 
i4enbK) fiBJiaeTCfi ycTpaHeHne MarHHTHbix 
nepeKpecTHbix ncKa>KeHnCi Me>KAy ycTpoficTBaMn 
npMBOAa v\ 6ni/i3KO pacnono>KeHHbiMM 

AaTHUKaMH, HTOSbl nOBblCHTb HyBCTBMTenbHOCTb 
KOM6MHai4MM npuBOA/AaTHMK. 

B COOTBeTCTBMM c n3o6peTeHneM 
3KpaHnpoBaHHoe 3neKjpoMexaHHHecKoe 
ycTpoCicTBO npuBOAa Ana ncnonb30BaHi/m b 
MaccoBOM pacxoAOMepe KopnonncoBa Tuna c 
B3anMHbiM npeo6pa30BaHweM MexaHMHecKoCi n 
aneKTpuMecKOM 3Heprnn BKmonaeT 6jim>khmm 
KOHeu, v\ AaribHUM KOHei^ m npucnocoSneHO Ana 
nepeMemeHMfl OTHOcviTenbHO 6nn>KHero KOHU,a. 
K AaribHeMy KOHi^y npucoeAHHeH y3en oGmotkm, 
a k 6nn>KHeMy KOHi^y - MarHMT. Y3en o6motkm 
onpeAermeT BHyTpeHHtoio nonocTb. y3en 
oSmotkh coAep>KHT, no MeHbLuePi Mepe, oamh 
MarHMTHbiM sneMeHT, npMcoeAMHeHHbiM k 
6riM>KHeMy kohlty, m MMeeT, no MeHbiueM Mepe, 

OAMH MarHMTHbIM SJieMeHT C MarHMTHOM 

opMeHTau,MeM, coBnaAaraLi^MM, no cymecTBy 3 c 
ocbK), coeAM h a fo u^e m 6jim>khmm m AanbHMM 
KOHi^bi. BHyTpn nonocTM pacnono>KeH MarHHTHbM 
y3en, npncnoco6"neHHbiM MarHMTHO 

B3aMMOAeMCTBOBaTb c yKa3aHHblM y3J10M 

o6pa6oTKM. Ysen o6pa6oTKH OKpy>KeH 
3KpaHMpyH3LAMM y3noM, KOTopbiM npncnoco6neH 
TaK, HTo6"bi yMeHbLUMTb MarHMTHoe none 
CHapy>KM yKa3aHHoro 3KpaHnpyioiAero y3na. 

B ApyroM npMMepe peariM3ai4MM 
M3o6peTeHne 3KpaHnpoBaHHoe 
sneKTpoMexaHU'HecKoe ycTpoficTBO 
npMcnoco6rieHO TaK, HTo6bi npeo6pa30BaTb 
MexaHnnecKyKO SHeprMto b sneKTpMMecxyio. 
MexaHMHecKaa SHeprMa npMKnaAbiBaeTca k 
ycTpoMCTBy nocpeACTBOM nepeMemeHMa 
MarHHTHoro y3na OTHOCMTeribHO y3na o6motkm, a 
y3ne o6motkm b OTBeT Ha MexaHMHecKoe 
nepeMeu^eHMe Bbipa6aTbiBaeT sneKTpMHecKyio 
SHeprMio. 

B ApyroM npMMepe peariM3ai4MM 
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OKpaHnpoBaHHoe GneKjpoMarHMTHoe ycTponcTBO 
npucnocoSneHO tsk, htoSh npeo6pa30BaTb 
sneKTpuHecKyhD SHeprMio b MexaHMHecKyio. 
SneKTpMHecKa^ sneprwn npnKna,qbiBaeTC5q k 
y3ny o6motkm, a MarHMTHbIM yaen 
nepeMemaeTCfi b otbgt Ha sneKTpMHecKyio 
SHeprnjo OTHOcnTenbHO o6motkm. 

B .qpyroM npMMepe peann3aL^nn 
3KpaHnpyfOL4HM y3en BKnioHaeT Aariee 6jim>khmm 

3KpaH H flaribHUW 3KpaH, 6jlM>KHMM 3KpaH 

npuKpenneH k 6nn>KHeMy kohlw, a AanbHMW 
3KpaH - k AanbHeiviy kohlw 
aneKjpoMexaHMHecKoro ycrpoMCTBa. 

B npeAnoHTMTeribHOM npuMepe peann3ai4nn 
m KaK ApyroM acneKT M3o6peTeHH?i oamh m3 
3KpaHOB npncnoco6neH TaK, HTob"bi HaxoAMTbca 
BHyTpn Apyroro M3 SKpaHOB n nepeivieinaTbca 
OTHOCMTeribHO Hero. 

B ApyroM npMMepe peann3aL\nn 
SKpaHnpyfOLUMM y3en BbinoriHeH M3 
MarHMTonpoHULiaeivioro MaTepnana, TaKoro KaK 
CTaiib. 

B ApyroM npMMepe peann3ai4nn MarHMTHbIM 
y3en coctomt M3 MarHHTHoro sneMeHTa. 
MarHHTHafi opueHTai^nfl iwarHMTHoro sneMeHTa, 
no cymecTBy, coBnaAaeT c ocbio, 
pacnpocTpaH^fOLnewca Me>KAy 6tim>khmm h 

AaJIbHUM KOHI^aMH. 

B ApyroM npMMepe peariM3ai4MM MarHMTHbIM 
y3en BKnioHaeT Aanee noniocHbiM HaKOHeHHMK, 
pacnono>KeHHbiM CMe>KHO c yKa3aHHbiM nepBbiM 

MarHMTHbIM SJieMeHTOM. 

B APyoM npMMepe peann3aL|HM MarHMTHbIM 
y3en BKJiHDHaeT p,anee btopom MarHMTHbIM 
aneMeHT. MarHMTHaa opneHTai4n?i BToporo 

no cymecTBy, coBnaAaeT 
pacnpocTpaHHJOLneMCfi 

6J1M>KHMM M ASLnbHUM 



MamMTHoro sneMeHTa 
c yKa3aHHOM ocbio, 
Me>KAy yKa3aHHbiMn 

KOHI^aMM. 

B OTHOCHTenbHOM acneKTe 
opneHTai4MM yKa3aHHbix nepBoro 
MamwTHbix 3JieivieHTOB 



MarHMTHbie 
m BToporo 

MMeKDT 



npoTHBonono>KHbie HanpaBneHMH. MarHMTHbIM 
y3en BKmonaeT Aanee noniocHbiM HaKOHeHHMK, 
pacnono>KeHHbiM Me>KAy yKa3aHHbiwn nepBbiM n 

BTOpbIM MarHHTHblMM SJTieMGHTaiVIM . lloniOCHblM 
H3KOHGHHHK BbinOJIHeH M3 BblCOKOnpOHML^aeMOrO 

MaTepnana. 

B Apyrux OTHOCMTenbHbix acneKTax y3en 
o6motkm onpeAenneT BHyTpeHHioio nonocTb, 
npuneM MarHMTHbIM y3en pacnonoxeH BHyTpn 
nonocTH. Y3en oGmotkm, no cym.ecTBy, 

U,MJ1MHAPHHeCKHPl M B 33 H M OA© M CT By eT 

MarHMTHbIM 06pa30M C MarHMTHbIM y3flOM. 

B ApyroM acneKTe n3o6peTeHna MaccoBbiM 
pacxoAOMep KopnonncoBa Tuna BKnionaeT 
cynnopT v\ HenpepbiBHyio neTnro Tpy6onpoBOAa, 
npoHHO npuKpenneHHoro y CBoero BnycKHoro n 
BbinycKHoro KOH140B k cynnopTy. Ha neTfito 
AewcTByeT GKpaHnpoBaHHoe sneKTpoMarHMTHoe 
ycTpowcTBO npuBOAa, KOTopoe Kone6neT neTnio 
B03ne ocu Kone6aHMfl. flaTHMK npMcnocooneH 
M3MepflTb BennHMHbi cun KopnonMca, 

B03HMKaK)Li^MX B pe3yJlbTaTe TOrO, HTO MaCCOBbIM 

noTOK b MacTH neTfin noABepraeTca 
KOJie6aTeribHOMy ABM>KeHnio. SKpaHnpoBaHHoe 
sneKTpoMarHHTHoe ycrrpoficTBO npuBOAa 
BKnioHaeT Gjih^hum n AaribHUki KOHUbi. Ysen 
06 mot km npucoeAHHeH k AaribHeiviy KOHi4y, a 
MarHMTHbIM y3en - k 6nM>KHeMy KOHi^y m 
npMcnoco6neH B3aMMOAeMCTBOBaTb c y3noM 
oGmotkm. y3eri o6motkm m MarHMTHbIM y3en 

OKpy>KeHbl 3KpaHMpyK)LI^MM y3flOM. 

3KpaHMpyK)Li4MM y3en npMcnoco6neH, HTo6bi 
yMeHbiuaTb MamMTHoe none CHapy>KM 
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SKpaHMpyHDLL^ero y3Jia. 

B ApyroM npMMepe peariM3ai4MM AaTHMK 
BKiiHDHaeT 6jim>khmm m AanbHMM KOHi^bi. Y3en 
o6motkm npMcoeAMHeH k AanbHeMy kohl^, a 
MarHMTHbIM y3en - k 6riM>KHeMy KOHi4y m 
npMcnoco6rieH B3aMMOAeMCTBOBaTb c y3fioM 
o6motkm. Y3en o6motkm m MarHMTHbIM y3en 

OKpy>KeHbl 3KpaHMpyiOLAMM y3J10M, 

npMCnOCOeJieHHblMM, HTOSbl yMeHbLUMTb 

MarHMTHoe none CHapy>KM SKpaHMpyioLuero y3na. 

B cneAyfOLueM npMMepe peariM3ai4MM 
ycTpoMCTBO npMBOAa m AaTHMK pacnono>KeHbi Ha 
neTne p?iaom Apyr c ApyroM. PacxoAOMep 
MO>KeT BKnioHaTb BTopyto HenpepbiBHyw neTJifo 
Tpy6onpoBOAa, npoHHO npMKpenneHHyio y cbomx 
BnycKHoro m BbinycKHoro kohl^ob k cynnopTy. 
riepBafl m BTopaa HenpepbiBHbie neTfiM 
Tpy6onpoBOAa, no cyu^ecTBy, napanriejibHbi. 
YcTpoMCTBO npMBOAa m AaTHMK pacnono>KeHbi 
Me>KAy AByx neTerib. 

B ApyroM npMMepe peariM3ai4MM 
M3o6peTeHMfl pacxoAOMep BKnioHaeT BTopoe 

yCTpOMCTBO npMBOAa M BTOPOM AaTHMK. 

YcTpoMCTBa npMBOAa npMBOA^T b ABM>KeHMe 

neTJIKD OCM KOJie6aHMfl B pa3J1MHHblX TOHKaX 

BAOJib neTJiM. 

Eme b oahom npMMepe peajiM3ai_\MM 
M3o6peTeHMfl ynacTOK neTfiM Me>KAy napoPi 
ycTpoMCTB npMBOAa flBnaeTCfl, no cymecTBy, 
npflMoriMHeMHbiM. 

0mt. 1 npeACTaBfi^eT nepcneKTMBHbiM bma 
MaccoBoro pacxoAOMepa KopMonncoBa Tuna; 

cf)Mr.2 - cxeMaTMHHbiM bma ycTpoMCTBa no 
c|DMr.1 ; 

cf)Mr.3 - cxeMaTMHHoe M3o6pa>KeH Me Tpex 
pe>KMMOB ABM>KeHMfl ycTpotfcTBa no 4)Mr. 1 m 2; 
cjDMr. 4 - pa3pe3 sneKTpoMexaHMHecKoro 

yCTpOMCTBa npMBOAa B COOTBeTCTBMM c 

M3o6peTeHMeM; 

cjDMr.5 - cxeMaTMHHoe M3o6pa>KeHMe 
BapMaHTa npMMepa peariM3ai4MM 

sneKTpoMexaHMHecKoro ycTpoMCTBa npMBOAa no 
dpwr.4, 

abMr.6 - pa3pe3 sreKTpoMexaHMHecKoro 
AaTHMKa b cooTBeTCTBMM c M3o6peTeHMeM. 

3Aecb pacKpbiBaeTCfl cnei^McjDMHecKafl 
Tpy6naTan KOHcjDMrypauMfl c nepneHAMKynapHOM 
opMeHTai^MeM k HanpaBneHMio noTOKa npoi^ecca, 
T.e. k HanpaBneHMio noTOKa b np^MOM ceKi^MM 
Tpy6onpoBOAa, b KOTopbiM AonxeH BBOAMTbcn 
MaTepMan. H3o6peTeHMe npMeMneMO ah^ 
riMHeMHbix m ApyrMX Tpy6naTbix KOHcjDMrypau.MM. 
UnniocTpMpyeMbie 3Aecb npMMepbi peariM3ai4MM 
paccHMTaHbi Ha pacxoAOMepbi ati^ 

pa3HOOSpa3HblX npOAyKTOB, BKJIIOHaiOLUMX, 

HanpMMep, TonriMBO, ocHOBaHHoe Ha HecjDTM. 
PacKpbiBaeMbie 3Aecb pacxoAOMep m 
sneKTpoMexaHMHecKoe ycTpoMCTBO npMBOAa 
npMroAHbi, pa3yMeeTCfl, atis LUMpoKoro 
pa3HOo6pa3Mfl ApyrMX cnei4McjDMHecKMX 

KOHCTpyKL^MM M TeX >Ke CaMblX MJ1M MHblX 

npMMeHeHMM. 

0mt. 1 MfirihocTpMpyeT ABOMHyio neTfiio 
CMCTeMbi c AByMfl npMBOAaMM/AeTeKTopaMM, 
rnaBHbiM o6pa30M c topcmohhom Harpy3KOM 
kohi^ob Tpy6, rAe ohm coeAMHflfOTCfl c eAMHbiM 

>KeCTKMM KOJlJieKTOpOM, BKJllOHaeMblM B J1MHMKD C 

noTOKOM npoi^ecca. Oamh m tot >Ke npMMep 
peajiM3ai4MM M3o6pa>KeH Ha c^Mr.1 m 2. 

MaccoBbiM pacxoAOMep 10 no cjDMr.1 m 2 

paCCHMTaH Ha TO, HT06bl BCTaBJl^TbCfl B 

Tpy6onpoBOA (He noKa3aHHbiM), y KOToporo 
He6onbLUOM ynacTOK MCKnioHeH mjim 
3ape3epBMpoBaH, HTo6bi co3AaTb npocTpaHCTBO 
Ans MSMepMTenn. Tpy6onpoBOA CHa6>KaeTCfl 
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npoTHBone>KaLi4MMM pa3HeceHHbiMM cjDJiaHL^aMU 

(He nOKa3aHHblMH), KOTOpbie COOTBeTCTByfOT 

ycTaHOBOHHbiM cjDnaHi^eM 12, npuBapeHHbiM k 
kopotkmm ynacTKaM Tpy6bi 14, coeflMHeHHbiM c 
otiokom u,eHTpanbHoro KonneKTopa 16, 
noAaep>KMBaK)LHHM ABe nnocKne napannenbHbie 
nemn 18 m 20. KoHcjDnrypaL^fl n cjaopMa neTenb 
18 m 20, no cyLnecTBy, HAeHTHHHbi. 

TaKMM o6pa30M, onucaHMe qbopMbi nemn 18 
cnpaBeAnMBO TaioKe Arm nemM 20, 3a 
MCKriHDHeHMeM Toro, rfle 3to yKa3aHO. Bjiok 
KonneKTopa 16 npeAnoHTMTenbHO npeACTaBn^eT 
nuTbe np^MoyroribHOM cfeopMbi b BMfle TBepAoro 
npaMoyronbHoro onoKa c nnocKOM 
ropn30HTanbHOM BepxHen noBepxHOCTbio nnn 

KpblLJJKOPl 21 M BCTpoeHHbIMM CeKL^MflMM Tpy6" 14. 

HTo6bi yMeHbLUMTb Bee, pa3nnHHbie nacTM 6noKa 
KonneKTopa MoryT 6biTb yAaneHbi. KoHi^bi nemn 
18 coAep>KaT np^Mbie npeAnoHTMTenbHO 
BepTHKaxibHbie napajinenbHbie BnycKHyio n 
BbinycKHyfo ceKL^HM hum Horn 22 m 24 npoHHO 
npHKpenneHHbie, HanpnMep, CBapKon" bctnk k 
BepxywKe noBepxHocTM KonneKTopa 21 b TecHOM 
6nn30CTM Apyr k Apyry. OcHOBaHne nemn 18 
npeACTaBJiaeT yAnnHeHHyro npaMyio ceKi^Mio 26, 
npoxoA?iU4yto noA HM>KHen noBepxHOCTbio onoKa 
KonneKTopa 16. YAnnHeHHafl npsqiviafl ceKL^Hfl 26 
ocHOBaHHH nemM 18 coeAnHeHa c HAyi-MHMH 
BBepx HoraMH 22 n 24 cooTBeTCTByioinnMH 
AHaroHanbHbiMM ceKHHS^MM 30 m 32. MeTbipe 
coeAHHeHM^ Me>KAy pa3JiMHHbiMH np^MbiMM 
OTpe3KaMM neTJin 18 3aKpyrneHbi c 6onbLUMMH 
paflnycaiviM, HTo6bi o6ecneHMTb no bo3mo>khoctw 
Manoe conpoTMBneHHe ncrroKy. B nacTHOCTH, 
MAyi-Mne BBepx Horn 22 n 24 coeAMHeHbi c 
cooTBeTCTByraLi^MMM AnaroHanbHbi mm OTpe3Kaivin 
30 v\ 32 nocpeACTBOM BbinyKnbix bmtkob 34 n 36. 
KoHi^bi yAnMHeHHoro np^Moro ynacTKa 

OCHOBaHMJR 26 COeflMHeHbl C COOTBeTCTBytOLUMMM 

KOHi^aMn AnaroHaribHbix sneMeHTOB 30 n 32 
nocpeflCTBOM hhwhmx 3aKpyrneHHbix butkob 38 n 
40. 

napannenbHbie BnycKHaa/BbinycKHafl ceKi^nn 
22, 24 o6enx neTenb 18 n 20 npoxoA^T nepe3 
M3onnpyK3Li^ne nnacTMHbi nni/i y3noBbie 
nnacTMHbi 42 m 44 c cooTBeTCTByHDLUHMn 
OTBepcTMfiMH, Korapbie napannenbHbi BepxHeiTi 
noBepxHOCTn KonneKTopa 21 n pa3HeceHbi c Hen 
Ha npeAonpeAeneHHoe paccTOAHMe. 
ripnBapeHHbie k TpyGaM y3noBbie nnacTMHbi 
cny>KaT KaK nnacTMHbi M3onfli4HM yA^pa n 
onpeAen^HDT o6inyfo MexaHMHecKyfo rpynny Arm 
Ka>KAoPi nemn. 

Y3nbi aneKTpoiviexaHMHecKoro npHBOAa n 
AaTMHKOB npnKpenneHbi Me>KAy neuuiMH 18 m 20 
Ha Ka>KAOM H3 hm>khhx 3aKpymeHHbix BMTKOB 38 
m 40. Ka>KAbiPi y3en coctomt M3 
sneKTpoiviarHHTHoro npHBOAa 46 m A^HMKa 48, 
pacnono>KeHHbix 6\nn3KO Apyr k Apyry Me>KAy 
nem^MH 18 m 20. OneKTpMHecKMe cnmanbi 
nepeAaHDTC?i ot cxeMbi npHBOAa h 
AeTeKTHpoBaHHfl (He noKa3aHHoti0 k 
ycTpoMCTBaM npuBOAa h A^THMKaM no 
npoBonoHHbiM BbiBOAaM 50-53, KOTopbie MAyT 
BAonb Hapy>KHOM CTopoHbi Tpyo" Hepe3 
M3onnpyioLL4Me nnacTMHbi c OTBepcTnaMM 42 m 44 
m noACoeAHHflfOTCfl k oneKTpHHecKoiviy pa3"beiviy 
54. 

ripn nMTaHHM napbi ycTpoticTB npHBOAa 46 
Ha npoTMBonono>KHbix KOHi4ax Tpy6 tokom 
paBHOW Beni/iHMHbi, ho npoTMBonono>KHoro 3HaKa 
(paccf)a3MpoBaHHoro Ha 180°), npflMaa ceKi^Hn 
26 3acTaBnfleT noBopaHHBaTbca B03ne ee 
nepneHAHKynapHoro 6nceKTopa 56, ne>Kau4ero b 
tom >Ke nnocKOCTM, KOTopbiPi nepeceKaeT Tpy6y b 
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TOHKe "c", KaK noKa3aHO Ha c^nr.2. 

TaKMM o6pa30M, npMBOA^iAH^ b ABMxeHMe 
noBopoT npeAnoHTMTenbHO npoM3BOAHTC5q b 

ropH30HTanbHOM nnOCKOCTM B TOMKe "c". 

nepneHAHKyn?ipHbie 6nceKTopbi p,nn np^Mbix 
ceKi^MM o6eMX neienb npeAnoHTMTenbHO ne>KaT 

B MX 06LHeM nnOCKOCTM CUMIVieTpMM. 

riOBTOpHO peBepCMpyaCb (T.e. M3MeHflf1Cb 

CMHyconAanbHo), B036y>KAaK)LL^MM tok 
ycTpoMCTBO npHBOAa 3acTaBnfleT npfliviyjo 
ceKUMK) 26 nemn 18 BbinonHflTb Kone6aTenbHoe 
ABM>KeHne b ropn30HTanbHOM nnocKOCTM B03ne 
nMHMM 56-56. flBMxeHHe Ka>KAOM np^MOM ceKi4MM 
26 BbipncoBbiBaeT cjDOpMy 6a6oHKH. O^lamm 
6okobom xoa nemn y hm>khmx 3aKpyrneHHbix 
bmtkob 38 m 40 Man - nop^AKa 1/16 AKMMa (1 ,6 
mm) ati?i npflMofi ceKi^MM 26 atimhom ABa cjsyTa 
(610 mm) m Tpy6bi b oahh ahdmm (25,4 mm). 3to 
nepeMeu^eHMe nepeAaeTcn MAy^HM BBepx 
napannenbHbiM HoraM 22 m 24, HaHMHafoiAMMCfi 
B03ne y3noBbix nnacTMH 44, b bma© TopcMOHHbix 
OTKnoHeHMM BOKpyr hx oceM. B npyiMOM ceKi^MM 
nemn 20 co3flaK}Tca AononHflKJLmne Kone6aHnn. 

flBMxeHMfl npfiMbix neTenb 18 t 20 
H3o6pa>KeHbi b Tpex pe>KMMax Ha c|Dnr.3a, b m c. 
B pe>KMMe npMBOAa, KaK noKa3aH Ha cp\Ar.3b, 
Ka>KAan nem^ Tpy6onpoBOAa Kone6neTca B03ne 
tohkm "c". flBe nemn noBopa^MBafOTC^ 

CMHXpOHHO, HO B npOTMBOnonO>KHblX 

HanpaBneHMflx, T.e., KorAa nemn 18 
noBopaHMBafOTCfi no nacoBOM CTpenKe, nema 20 
noBopaHMBaeTCfl npoTMB nacoBOM CTpenKM. 
/iHane roBopa, nemn npMBOA^Tca b ABM>KeHMe 

B03ne MX COOTBeTCTByiOLUMX TOMeK "c" 

paccf)a3MpoBaHHbiMM Ha 180°. CneAOBaTenbHO, 

COOTBeTCTBykDLI^Me KOHI^bl, TaKMe KaK A M C, 

M3o6pa>KeHHbie Ha cJdmt. 3, nepMOAMHecKM 
cxoA?iTC?i m pacxoAflTCfl. 3tot TMn npMBOAHoro 
ABM>KeHMfi co3AaeT ocf)c|DeKTbi KopMonMca b 
HanpaBneHM^x, noKa3aHHbix Ha cj3nr.3a. 

TaKMM o6pa30M, ABM>KeHMe b pe>KMMe 

KopMOnMCa CTpeMHTCfl CABMHyTb BCHD nnOCKOCTb 

neTenb 18 m 20. 3qbqbeKT KopMonMca 
HaMGonbLUMM, KorAa ABe npyiMbie ceKi4MM 26 
napannenbHbi, KaK noKa3aHO Ha cjDnr.3a, TaK KaK 

npM 3TOM CMHyCOMAanbHO M3MeHflK)LHaiRCfl 

yrnoBas CKopocTb MaKCMManbHa. riosTOMy 
ABM>KeHMe Ka>KAOM nemn b pe>KMMe KopMonMca 
npoMcxoAMT b npoTMBononoKHOM HanpaBneHMM, 
np^Mbie ceKi^MM 26 nepeMeLnaHDTC^ HeMHoro 
BnepeA (nnM b cTopoHy) Apyr ot Apyra, KaK 
noKa3aHO Ha cjonr. 3a. flBM>KeHMe b o6meM 
pe>KMMe, He>KenaTenbHoe b a^hhom npnoope, 
flBn^eTC?! TaKMM, npM kotopom neuin 
OTKnoHflfOTca b oahom m tom >Ke HanpaBneHMM, 
KaK noKa3aHO Ha c|DMr. 3c. 3tot TMn ABM>KeHMfi 
MoxeT cosAaBaTbCfi aKCManbHOM BonHOM b 
caMOM Tpy6onpoBOAe b npMMepe peanM3ai4MM 
no cpMr.1, TaK KaK nemM opMeHTMpoBaHbi 
nepneHAMKynapHO Tpy6onpoBOAy. 

flaTHMKM 48 A©"reKTMpyK)T Kone6aTenbHoe 

ABM>KeHMe npflMblX CeKL^MM Tpy6 M Bb\p,B\OJ 

CMTHan, KOTopbiM xapaKTepM3yeT CMny 
Kone6aTenbHoro npMBOAa, MOAynMpoBaHHyio 
CMnoM peaKi^MM KopMonMca, co3AaBaeMOM 
TeKyneM cpeAOM, noABepraKJLueMC^ ycKopeHMio. 
BcneACTBMe TecHOM 6nM30CTM ycTpoMCTBa 
npMBOAa 46 m AaTHMKa 48 Aon>KHbi 6biTb 
npeAnpMHHTbi cnei^ManbHbie Mepbi 
npeAOCTopo>KHOCTM, HTo6bi npeAOTBpaTMTb 

B03HMKHOBeHMe MarHMTHOM B3aMMOCB?13M. T.e. 

MarHMTHoe none ycTpoMCTBa npMBOAa 46 MO>KeT 
HaBOAMTb Hanpa>KeHMe b AaTHMKe 48, co3AaBafl 
napa3MTHbiM CMman. npeAnoHTMTenbHO 

MCnonb30BaTb SKpaHMpOBaHHOe yCTpOMCTBO 
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npHBOfla M flaTHMK, HT06bl npeflOTBpaTMTb 

B03HMKHOBeHMe MarHHTHOM B3aHMOCBf13M . 

3KpaHnpoBaHHoe ycTpoficTBO npMBOfla. 

CoLUJieMcn Ha 4)nr.4, Ha kotopom n3o6pa>KeH 
npeAnoHTHTeribHbiM npniwep peajiM3ai4nn y3na 
flaTMUKa 46. 3KpaHnpoBaHHoe ycTpoPicTBO 
npi/iBOfla paccMMTaHO Ha to, HTo6bi BsanMHO 
npeo6pa3QBbiBaTb sneKTpM^ecKyio n 
MexaHnnecKyfo SHepmio. B nacTHOCTH, 
ycTpowcTBO npuBOfla oc|Dc|DeKTMBHO npeo6pa3yeT 
aneKTpuHecKyK) 3Heprnfo (T.e. oneKipunecKne 
cm many) b MexaHnnecKyho SHeprMio (T.e. 
MexaHnnecKoe flBUKeHne). Y3en 46 coctomt M3 
6nn>KHero KOHua 62, npuKpenneHHoro k 
Tpy6onpoBOfly noTOKa 186nn>KHePi Kpene>KHOM 
cko6om 64, m Aan bHero ko h 14 a 66, 
npuKpenneHHoro k TpyoonpoBOAy noTOKa 20 
AanbHeM Kpene>KHOM cko6om 68. 

Bjiuxhmm KOHei_| 62 coctomt M3 MarHMTHoro 
y3na 72, pacnonoxeHHoro BHyTpn 6riM>KHero 
SKpaHa 70. Bjim>khhm 3KpaH BbinonHeH H3 m^tkom 
yrnepoAMCTOM CTanw m MMeeT Hau_iKoo6pa3Hyfo 

CjDOpMy C UHJIMHAPHHeCKOPl CTeHKOM 71 n 

nnocKMM ahom 73, KOTopoe npuKpenneHO k 
6nn>KHeM Kpene>KHOM CKo6e 64. Pa3Mepbi 
6nn>KHero 3KpaHa onpeAenaioTCfl pa3MepaMM v\ 
c(dopmom Bcero y3fia npuBOAa. Bjim>khhm 3KpaH 
70 Ae^cTByeT KaK oGpambiM nyTb, noMoraa 

COCpeAOTOMMTb MarHMTHbiM nOTOK BHyTpn 

MarHMTHoro y3na. B i4eHTpe SKpaHa 70 
pacnono>KeH yAnnHeHHbiM MarHMTHbiM" y3en 72, 
MMefOLAMM napy MarHMTOB 75 n 76, pa3AeneHHbix 
L^eHTpanbHbiM nonfocHbiM HaKOHeHHMKOM 78. 

MamnTHaa opueHTai^n^ warHMTOB 
coBnaAaeT c ocbto 80-80, onpeAenaeMOM y3JiOM 
npuBOAa, v\ npoTMBonono>KHa no HanpaBneHMio. 
T.e. MamnTHafl opweHTaiJM^ MarHHTOB 75 m 76 
aHTMnapannenbHa. B npniwepe peanM3ai4nn, 

Ha cjDnr.4, MamnTbi 
ceBepHbiMM norifocaivin, 
LjeHTparibHOMy nonKDCHOMy 
Cnei^nanncTaM b AaHHOM" 

nOHflTHO, HTO MOKBT 

npniweHfiTbCfi APyraa opuieHTai^Mfl, HanpuMep, k 
i^eHTparibHOMy nonfocHOMy HaKOHGMHUKy MoryT 
6biTb o6pan\eHbi fo>KHbie nonioca MamMTOB. 

lloniOCHblM HaKOHeHHUK MO>KeT 6blTb BbinonHeH 

M3 rifoSoro MarHMTHoro npneMneivioro 
MaTepnana, KaK M3BecTHO, b AaHHOM oonacTM 
TexHMKM. npeAnoHTMTeribHbiM MaTepnanoM 
ABrmeTCfl MflrKaa yrnepoAMCTaa CTarib. 3to 
ycTpoficTBO MamnTOB 75, 76 n LjeHTpanbHoro 
noriiocHoro HaKOHeHHMKa 78 cocpeAOTan m BaeT 
MarHMTHbiM noTOK BHyTpn He6onbLUOM o6nacTH 
b6jih3m noriiocHoro HaKOHeHHMKa Ana 
MaKCMMaribHoro B3aMMOAeMCTBM?i c ysnoM 
oGmotkm 82. 

flanbHMM KOHei4 66 y3na npuBOAa 60 coctomt 
M3 y3na o6motkm 82, pacnorio>KeHHoro BHyTpn 
AanbHero SKpaHa 84. Vsen o6motkm coAep>KMT 

HOCHTeJIb 06MOTKH 86, KOTOpbIM Ha CBOeM 

AaribHeM KOHi4e npuKpenneH k Asi-nbHeiviy GKpaHy 
84, KOTopbiM KpenwTCfl Asi-nee k AaribHeM 
Kpene>KHOM CKo6e 68 HeiwarHMTHOM 3aKnenKOM 
106 Ana coeAMHeHna c Tpy6onpoBOAOM noTOKa 
20. Ha 6nn>KHeM KOHi^e HOCMTen?i o6motkm 86 
o6pa30BaHa KaK eAMHOM i^enoe KaTyniKa 94. 
HTo6bi CBecTM k MUHMMyiviy o6pa30BaHne 

BMXpeBblX TOKOB, HOCMTeJIb O6MOTKM MO>KeT 

SbiTb BbinonHeH M3 HenpoBOAflu^ero MaTepnaria. 
KaTyiUKa 94 nivieeT HaMOTaHHyfo Ha Hew 
npoBonoHHyio o6"MOTKy 96, o6pa3yHDLnyio 
3neKTpoiviarHHTHyK) oSMOTKy 98. Oo"MOTKa n 
HocnTenb o6motkh onpeAermioT BHyTpeHHtoho 
nonocTb 100, \AMe\o\i\y\o b o6u\eM 



M306pa>KeHHOM 

opueHTupoBaHbi 
oSpaLueHHbiMM K 

HaKOHGHHUKy 78. 
o6nacTM TeXHMKM 
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L4nnMHAPMHecKyto cbkl^mk) 102 m 

yceHBHHO-KOHMHBCKM A^-TlbHMM yHaCTOK 104, 

KOTopbiM cy>KaeTCH ot nnnnHApMHecKoro ynacTKa 
102, HTo6bi npnH?iTb 3aKnenKy 106. B o6meM 
i4nriMHAPH , -iecKa?i BHyTpeHHsqq nonocTb niweeT 
pa3Mep, AOCTaTOMHbiM Ana Toro, «-iTo6bi 
no3BoriMTb CBo6oAHoe nepeMemeHne 
MarHMTHoro ysna i/i o6ecnennTb iwaKCMMaribHoe 
B3anMOAeMCTBne Me>KAy y3noM o6motkh m 
iviarHMTHbiM noneivi, BbixoA^Li^MM H3 MarHHTHoro 
y3na. Bjim>khmm m A^-nbHUM SKpaHbi 
CKOHCTpynpoBaHbi TaK, HTo6bi nepeMeLU,aTbCfl 
Apyr oTHocnTenbHo Apyra n MMHMMH3npoBaTb 

MarHMTHbM nOTOK, BblXOA^LAUM M3 ycTpoMCTBa. 
3to AOCTuraeTca npnAaHneM 6\ni/i>KHGMy n 
AanbHeiviy SKpaHaM b o6LL^eM L^nnnHApuHecKOM 
cjDopMbi n nepeKpbiBaHneivi OAHoro ApyruM, TaK 

HTO OAHH 1/13 3JieMeHTOB MO>KeT BXOAHTb BHyTpb 

Apyroro n cbo6oaho nepeMemaTbca TaM. MHane 
roBopfl, GKpaHbi o6pa3yKDT TenecKonnnecKoe 

yCTpofiCTBO, B KOTOpOM OAHH HX 3KpaHOB BXOAUT 

BHyTpb Apyroro. 

B npuMepe peann3ai4nn, M3o6pa>KeHHOM Ha 
c|DMr.4, GKpaHnpyjomne aneivieHTbi 

i_|nnnHApn^ecKne, 6nn>KHMi7i aneiwieHT HMeeT 
MeHbLUMM paAnyc, He>Kenn A^-nbHUM m 
npncnoco6rieH bxoamt BHyTpb n nepeMemaTbCFi 
OTHOcnTenbHO AanbHero KOHi^a BAOJib ocu 
80-80, onpeAenaeMOM LinnnHAPH^iecKOM 

CjDOpMOM GKpaHOB. 3KpaHbl COBMeCTHO 

MMHHMM3npyHDT yTeHKy MarHMTHoro l~IOTOKa M3 

yCTpOMCTBa M B yCTpOMCTBO nyTeM C03AaHMfl 

3KpaHnpoBaHHoro m 3aKpbiToro MarHMTHoro y3na. 
B L^nnnHApn^ecKOM noBepxHOCTM AanbHero 
3KpaHa MO>KeT 6biTb CAenaH Bbipe3 (He 
noKa3aHHbii?i), hto6u npeAOTBpaTHTb 

o6pa3QBaHne BwxpeBbix tokob, KOTopbie MoryT 

yBeJIMHMTb MarHHTHblM nOTOK. OTCyTCTBMe 

MarHMTHoro noTOKa CHapy>KM no3BorifleT 6jim3ko 
pacnonaraTb nfoSoe hmcjio ycTpoMCTB npMBOAa 

M A3THMKOB 6e3 npo6neMbl MarHMTHOM 

B3anMocB?i3M. BnM3Kopacnorio>KeHHbie 
ycTpoMCTBa npMBOAa m a^thmkm mbthmtho He 
6yAyT BnwflTb APyr Ha APyra. GneAyfomMM 

AOCTOMHCTBOM 3TOrO yCTpOMCTBa flBJ1?ieTC51 

noBbiujeHMe nMHeMHOCTM, KOTopaa flBnneTCfl 
pe3ynbTaTOM MHorosneMeHTHoro MarHMTHoro 
y3na. riepeMeLi^eHMe 6riM>KHero m AanbHero 
kohljob OTHOCMTeribHO Apyr Apyra BcneACTBMe 

npMBOAHOrO TOKa B oSMOTKe He M3MeHMT 

3HaHMTenbHO nocTO?iHHoe MarHMTHoe none, m, 
cneAOBaTeribHO, 6yAyT AOCTMrnyTbi JiMHeMHbie 

cunbi npMBOAa. 

Ha cfiMr.5 M3o6pa>KeH ApyroM npMMep 
peanM3ai^MM sneKTpoMarHMTHoro ycTpoPicTBa 
npMBOAa. YcTpoPicTBO npMBOAa 110 coctomt M3 
yAnMHeHHoro 3KpaHa M3 matkom yrnepoAHCTOM 
CTariM 112, MMetoii^ero L^MJiMHApMHecKoe 
ceneHMe nepneHAMKynnpHO ocu sneMeHTa 
114-114. 3KpaH MMeeT ynacTKM 116-118, 
KOTopbie yMeHbLuafOT OTKpbiTyho o6riacTb y 
Ka>KAoro KOHi4a 3KpaHa m o6ecneHMBaioT 
OTBepcTMe, nepe3 KOTopoe nepeMemaeTca 
yAJiMHeHHbiM MarHMTHbiM sneMeHT 120. Ha 
BHyTpeHHeM noBepxHOCTM 122 SKpaHa MMeeTca 
Koribi^eBoe pe6po 124, BbiCTynafomee k i^eHTpy 
SKpaHa. Ha Koribi^eBOM pe6pe 124 yKpenneHa 
sneKTpoMexaHMMecKaa o6motk3 126. 

YATIMHeHHblM MarHMTHbiM SJieMeHT 120 

pacnono>KeH nocpeAMHe BHyTpM 3KpaHa 112. 
MarHMTHbiM srieMeHT 120 coctomt M3 AByx 
MarHMTOB 128 m 130 m Tpex nontocHbix 
HaKOHeHHMKOB 132, 134 m 136. flsa MarHMTa 128 
m 130 pacnono>KeHbi Ha n poT m bo n on o>kh bix 
CTopoHax ot i^eHTpanbHoro nonfocHoro 
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HaKOHeHHHKa 132 TaK, hto mx MarHMTHbie 
opneHTaL4MM npoTMBonono>KHbi no otholubhuhd 
flpyr k flpyry v\ napannenbHbi ocu 114-114 
MarHMTHoro sneMeHTa. B npuMepe peann3au 1 MM 
no cjDnr.5 Apyr k APyry HanpaBneHbi ceBepHbie 
nonK)ca Ka>KAoro Man-MTa 128 n 130. OflHaKO, 
ecnn Heo6xoflHMO, .qpyr k Apyry MoryT 6"biTb 
HanpaBneHbi K»KHbie nonioca MarHHTOB. Ha 
KOHi^ax Ka>KAoro Mann ma 128, 130, 
npoTHBonono>KHbix noniocHOMy HaKOHeHHUKy 
132, npuKpenneHbi noniocHbie HaKOHeHHMKH 134 

M 136, COOTBeTCTBeHHO. riOJIKDCHbie 

HaKOHeHHUKU 132, 134 n 136 h MarHHTbi 128, 
130 o6pa3yK)T coBMecTHO yAnnHeHHbii?i 
MarHMTHbiM y3en, KOTopbiM oonaAaeT BbicoKofi 

3C|DC|DeKTMBHOCTbfO M JIHHeMHOCTbtO . 

KoHCTpyKU,i/ifl oneKTpoMarHMTHoro 
ycTpoPicTBa ocHOBaHa Ha tom, hto ot 
ycTpoPicTBa npuBOAa Aon>KHa 6biTb nonyneHa 
MaKCMMaribHafl curia npn MMHMMaribHOM 
BennHMHe TOKa, noflaBaeMoro b o6MOTKy. 

YpaBHeHMe, on peflerm fOLU.ee cwny 6yfleT 

F = NLLLB, 

rAe 

F - curia (HbhOTOH); 

N - Hucno bhtkob oSmotkm; 

I - flnnHa cpeflHero Bi/iTKa o6motkm (m); 

I - tok o6motkm (A); 

B - nnoTHOCTb paAnaribHoro noTOKa (Tecna). 

flrm Toro, HTo6bi CAenaTb B MaKCHManbHbiM 
m Bee eiiie coxpaHi/iTb nwHewHOCTb cunbi, 
Aon>KHbi ncnorib30BaTbCfl Asa Mamma, 

COeAHHeHHblX OAHHaKOBbIMM CTOpOHaMM, c 

nnocKHMM HaKOHeHHMKaivin, KaK noKa3aHO Ha 
cf)nr.4 w 5. B stwx KOHcjDnrypaL^wax noTOK 
3acTaBJ~meTCfl KOHi^eHTpi/ipoBaTbca paAnaribHO b 
oonacTb, 3aHHMaeMyfo o6motkom. KorAa 

nOCTOflHHblM MarHMT ABM>KeTCfl, B03AyuJHbie 

3a3opbi Me>KAy norifocHbiMn HaKOHeHHMKaMU n 

3KpaHOM He l/l3MeHaHDTCa, HTO CHM>KaeT 
HeriUHeMHOCTb KOHCTpyKI4MM. 

ripniviep peann3annn no qbnr.5 coctout M3 

06OJIOHKM, BbinOJIHeHHOM M3 MaTKOtl 

yrnepoAMCTOM CTann, Tpex noniocHbix 

HaKOHeHHUKOB, AByX nOCTOflHHblX MarHMTOB n 

o6motkh. L4erib AaHHoro npniviepa peann3au.ua - 
ccf)OKycnpoBaTb paAnanbHbiM noTOK b oonacTb 

06 MOT KM H, TaKUM 06"pa30M, nOJiyHMTb 

MaKCMMaribHyio cuny npuBOAa Ana A^HHoro TOKa 
o6motkh. 

fljlfl BbNMCJieHMFI HHAyKTMBHOCTH 06MOTKH, a 

TaioKe cpeAHero paAwanbHoro noTOKa b oonacTH 
o6motkm, 6bina npuMeHeHa nporpaMMa aHariM3a 
orpaHnneHHoro sneMeHTa. 3aTeM 3Ta MOAerib 
6biria wcnorib30BaHa, HTo6bi onTMMM3npoBaTb 

3JieKTpOMarHHTHyiO KOHCTpyKLLMK) H AOCTHHb 

MaKCMMaribHoCi ci/inbi Ana ycTaHOBneHHoro 

3HaHeHMfl TOKa. 

B LLMC(DpOBOM MOAenn BeilUHUHa, 

ncnorib30BaHHafl Ana npoHMi^aeMOCTM MarKofi 
ymepoAMCToPi CTann, cocTaBnana 100, a Ana 
nocTOAHHoro MarHUTa h B03Ayxa 6bina 1 . 

OCTaTOHHafl MarHMTHafl HHAyKU.fia 

Mcnonb3yeMoro nocToaHHoro MarHUTa 6"bina 0,9 
Tecna. Pe3yribTaT BbiHMcneHna A^n cpeAHfoio 
nnoTHOCTb noTOKa 477,2 MunnnTecna. 
1/lHAyKTMBHOCTb o6motkh 6bina TaioKe 
BbNMcneHa ee MOAennpoBaHneM KaK nonocKM 
MamMTa, pa3Meu4eHHoro b i^eHTpe y3na. CHOBa 
6bina 3anym,eHa nporpaMMa orpaHnneHHoro 
aneMeHTa, hto6w BbinncnuTb pacnpeAeneHne 
noTOKa Ana MOAennpoBaHHOM o6motkm. 3aTeM 
6bina 3anyLAeHa nporpaMMa perpeccnn, HToSbi 
nonyHMTb MaTeMaTunecKoe cooTHOiueHMe 
Me>KAy noTOKOM \a paA^iaribHbiM paccTO^HneM. 
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Ebino ncnorib30BaHO reoMeTpunecKoe 

COOTHOLUeHMe BMfle 

Y = K.X n , 
rAe 

Y - npeACTaBrmeT noTOK; X - paccTO^Hne; K 
n n - KOMnoHeHTbi, ycTaHaBriMBaeMbie 
nporpaMMOM perpeccnn. 

H3 ypaBHeHMfl (2) 6bin BbNUcneH cpeAHnti 
noTOK n onpeAeneHO 3c|3c|DeKTMBHoe paAnaribHoe 
paccToaHMe. 3to scjDcjDeKTMBHoe paccTOfiHue 
6bino ncnorib30BaHO Ana Toro, HTo6bi oneHHTb 
3cf)c(DeKTHBHyio Koribi^eByio o6nacTb noTOKa 
o6motkm /Am/, a TaioKe aqbqbe KTWBHyio AnnHy 
nyTM noTOKa oGmotkm /lm/. 3aTeM M3 stmx AByx 
cfcaKTopoB 6bina BbinncneHa MHAyKTMBHOCTb /L/ 

L = N^m/lm, (3) , 

rAe 

N - Hucno butkob o6motkm; jli 
npoHMi4aeMOCTb CBoGoAHoro npocTpaHCTBa, 
pe3ynbTaT Ana qbnr.5 asist 3HaneHne 7,465 mTh 
Ana N = 450 bmtkob. 

MTo6bi npoBepnTb pe3yribTaTbi 

MOAermpoBaHMfl, snetcrpoMarHMTHoe ycTpowcTBO 
6bino nocTpoeHo. Bo3Ayi-UHbiM 3asop Me>KAy 
noriKDCHbiMn HaKOHeHHMKaMU h o6ojiohkoPi 6blJ1 
3aMeHeH nnacTMKOBoPi Tpyb~KOM ; KOTopaa 6bina 
npncnoco6rieHa noA o6MOTKy v\ yAep>KMBana 
y3en OTLieHTpoBaHHbiM. HTo6"bi co3AaTb y3eri 
o6motkm, Ha 3tom Tpy^Ke 6bin HaMOTaH npoBOfl c 
o6lu,hm hucjiom bmtkob 450. B oahom KOHLie 
o6ojiohkh 6bino BbinoriHeHO He6onbiuoe 
OTBepcTue (oTBepcTue 104 Ha ctDnr.4) Ana 
BCTaBneHna npoSHUKa Ha scjDqbeiae Xonria c 
L4eribK) M3MepeHna nnoTHOCTH noTOKa. Bbinn 
ncnorib30BaHbi ABa peAK03eMeribHbix MarHUTa c 
ocTaTOHHOM nHAyKi^nePi ot 0,85 ao 0,93 Tecna. 
Pa3Mepbi MarHHTOB cocTaBnann 20 mm b 
AMaMeTpe m 10 mm no AnnHe. MaKCMManbHaa 
n3MepeHHaa nnoTHOCTb noTOKa 6bina OKono 500 
Taycc. MHAyKTMBHOCTb, M3MepeHHaa moctmkom 
HMneAaHCOB, cocTaBnana 7,75 mTh. 

OKcnepuMeHTanbHbie pe3ynbTaTbi 6binn 
oneHb 6nn3KM k pe3ynbTaTaM, npeACKa3aHHbiM 
MeTOAOM orpaHnneHHoro sneMeHTa, n 
o6ecnennnn 6onbiuee AOBepue k 
TeopeTunecKOM pa6oTe. CymecTBeHHO, 
6e3onacHbiM pacxoAOMep A°n>KeH MMeTb hm3kmm 
npeAen TOKa, HTo6bi yAOBneTBopnTb 
TpecoBaHkm 6e3onacHOCTM, HTo6bi stot npM6op 
He Mor noA>Kenb ra3 b BocnnaMeHaeMoti 
OKpy>KafOLU,ew cpeAe. MMeeTca MHoro qbaKTopoB, 
KOTopbie o npeAen a hdt BennnnHy noAaBaeMoro 

TOKa, TaKMX KaK HHAyKTMBHOCTb OSMOTKH, 

conpoTUBneHwe, 6apbepHoe conpoTMBneHne, 
Hanpa>KeHne nMTaHna, xapaKTepucTMKH 
npoBOAOB m t.A- B 6onbUJMX MaccoBbix 
pacxoAOMepax KopnonncoBa Tuna, TaKnx KaK Te, 
hto MMefOT Tpy6onpoBOAbi noTOKa AnaweTpoM 
Tpn AKJMMa (76,2 mm), ecnn TpySbi ToncTbie v\ 
KopoTKne (hto Heo6xoAHMO Ana KOMnaKTHOM 
KOHCTpyKunn), Hy>KHa Sonbiuaa cuna npuBOAa. 
3to Tpe6yeT 6onbLUOM BennnnHbi noAaBaeMoro 
TOKa, KOTopaa MO>KeT HapyiuaTb ycnoBna 

6e30naCHOCTM. EAUHCTBeHHblM anbTepHaTHBHblM 

cnoco6 CAenaTb, HTo6"bi M3MepnTenb Tpe6oBan 
HeSonbLuyio cuny - 3to ncnonb30BaTb AnnHHbie 
Tpy6bi c oneHb tohkmmh CTeHKaMH. B 3tom 
cnynae KOHCTpyKi^na npn6opa He 6yAeT 
KOMnaKTHoPi n He 6yAeT npweMneMa Ana 
BbicoKMX A^BneHMM. CneAOBaTenbHO, 
Aoctomhctbo ncnonb30BaHna HOBOM 
KOHCTpyKI4HM 3neKTpoMai~HHTHoro yCTpOMCTBa 
oneBHAHO, TaK KaK oho o6ecneHMBaeT SonbLLiyio 
cuny npn HeoonbLUOM TOKe m no3BonaeT 
npn6opy 6biTb KOMnaKTHbiM n npoHHbiM. 
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OKpaHMpOBaHHbM flaTHMK. 

Y3en SKpaHnpoBaHHoro flaTHMKa 48, KOTopbM 
aHanornneH ycTpoficTBy npuBOAa 46, 
M3o6pa>KeH Ha cjDMr.6. Y3en SKpaHnpoBam-ioro 
AaTHMKa nofloGHO 3KpaHLipoBaHHOMy ycTpoMCTBy 
npuBOfla paccMMTaH Ha B3anMHoe 
npeo6pa3QBaHne oneKTpMHecKOM n 

MexaHMHecKOM SHeprMM. OAHaKO asithmk b 

npOTMBOnonO>KHOCTb SJIGKTpOMGXaHMHeCKOMy 

npuBOfly 3cjDcf)eKTMBHO npeoGpasyeT 

MexaHnnecKyfo SHeprnto (MexaHUHecKoe 
flBH>KBHHe) b 3JieKTpnHecKyio 3HeprnhD 
(aneKTpuHecKne CMmanbi). Ysen 

3KpaHnpoBaHHoro A^THMKa coctomt M3 6nM>KHero 
KOHi^a 152, npuKpenneHHoro k TpyoonpoBOAy 
noTOKa 18 6\nM>KHeM Kpene>KHOM cko6om 154, n 
AanbHero KOHna 156, npuKpenneHHoro k 
Tpy6onpoBOAy noTOKa 20 AsiribHeM KpenexHOM 
cko6om 158. 

Bjiuxhmw KOHeu 152 coctomt M3 y3na 
06 mot km 162', ycTaHOBneHHOM BHyTpn 6nn>KHero 
3KpaHa 160 c noMOLAbho HeiviarHMTHOM 3aKnenKM 
162. 3KpaH BbinonHeH M3 m^tkom yrnepoAMCToPi 
CTanM n MiweeT qbopMy HaniKM c L^nnnHApuMecKOM 
CTeHKOM 161 M nnocKMM ahom 163, 
npuKpenneHHbiM k 6nn>KHeM Kpene>KHOM CKo6e 
154. Pa3Mepbi 6riM>KHero 3KpaHnpyfOLU,ero 
sneivieHTa onpeAermioTCfl pa3Mepaivin v\ dpopwow 
Bcero y3Jia AaTMMKa. Ha Aa-ribHeM KOHi4e y3iia 

06 MOT KM HaXOAMTCfl BbinOJIHeHHafl K8K OAHO 

i4enoe KaTyniKa 169 c HaMOTaHHOM Ha HeM 
npoBonoHHOM o6motkom, o6"pa3ynDLnafl 
sneKTpoMarHMTHyK) o6MOTKy 171. Y3en o6motkm 

MOXeT 6blTb CKOHCTpynpOBaH M3 HeMarHMTHoro 
MaTepnana, HTo6bi npeAOTBpaTMTb o6pa30BaHMe 
BMxpeBbix tokob. Y3en o6motkm onpeAerifleT 
BHyTpeHHK3K) nonocTb, MMefOLAyra b oSi^eM 
UkiriMHAPMHecKMe ynacTKM 179, 171 v\ 
yceneHHO-KOHMHecKMe ynacTKM 172, 173, 
KOTopbie cy>KafOTCfl ot i^MJiMHAPMHecKoro 
ynacTKa 170 k otbbpctmk) 166, 
npMcnoco6neHHOMy noA 3aKnenKy 162. B oGi^eM 
i^miMHAPMHecKa^ BHyTpeHH^^ nonocTb 

AOCTaTOMHO GOJlbLUafl, HTOSbl n03BOJ1MTb 

nepeMemeHMe MarHMTHoro y3na, ho He6onbiuafl, 
HTo6bi o6ecnenMTb MaKCMMaribHoe 

B3aMMOASMCTBMG Me>KAy y3TIOM 06MOTKM M 

MamMTHbiM noneM, BblXOA^mMM M3 MamMTHoro 
y3na. 

flanbHMM KOHeu 156 coctomt M3 A^TibHero 
3KpaHMpyfouj,ero oneMeHTa 176 m MarHMTHoro 
y3na 178, pacnorio>KeHHoro BHyTpM AanbHero 
3KpaHa. 3KpaHnpyK3L4MM s-neMeHT 176 BbinonHeH 
M3 m^tkom yrnepoAMCTOM CTariM m MMeeT b 

06"meM CjDOpMy HaLUKM C U,MriMHApMHeCKOM 

CTeHKOM 180 m nnocKMM ahom 182, KOTopoe 
npMKpenneHO k Aa-nbHePi Kpene>KHOM CKo6e 158. 
Pa3Mepbi Aa-nbHero SKpaHa on peAen sketch 
pa3MepaMM n cfcopMoii Bcero y3na AsrrHMKa. B 
i4eHTpe SKpaHMpyfomero sneMeHTa 1 76 
HaxoAMTca yAJiMHeHHbiM MarHMTHbiM y3eri 178 c 
MarHMTOM 182 m nonfocHbiM HaKOHeHHMKOM 184. 
MarHMTHaa opMeHTai_|M?i ne>KMT BAorib ocm 
186-186, onpeAeJiseMOM y3noM AQTMMKa. 

I~Ioao6ho paccMOTpeHHOMy Bbiiue 
SKpaHMpoBaHHOMy ycTpoMCTBy npMBOAa 

6j~IM>KHMM M ASTIbHMM SKpaHMpyKDLAMe SJieMeHTbl 
SKpaHMpOBaHHOrO ASlTHMKa paCCHMTaHbl TaK, 

HTo6bi nepeMemaTbCfl flpyr OTHOCMTenbHO Apyra 

M MMHMMM3MpOBaTb MarHMTHbiM nOTOK, 

BbixoA^LAMM M3 ycTpoMCTBa m bxoa^I-U^^ b Hero. 
3to AOCTMraeTca npMAaHMeM 6riM>KHeMy m 
AaribHeMy 3KpaHMpyioLJ4MM sneMSHTaM 

l4MJ1MHAPMHeCKOM CjDOpMbl, T3K HTO 

SKpaHMpyfOL^Me sneMeHTbi o6pa3yioT 
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BXOAMTb BHyTpb 

oneMeHTa m 
3KpaHMpyioLi4Me 



TenecKonMHecKoe ycTpoMCTBO, b kotopom oamh 

M3 OKpaHMpyHDLAMX 3J18MBHTOB BXOAMTb BHyTpb 

Apyroro m nepeMemaeTC?! TaM. B npMMepe 
peanM3ai_^MM, M3o6pa>KeHHOM Ha cjDMr.6, 

3fieMeHTbl L4MJ1MHAPMHeCKMe M A^ribHMM 
3KpaHMpyK)li^MM SJieMGHT MMeeT MeHbUJMM 

paAMyc, He>KeriM 6jim>khmm SKpaHMpyfOLUMM 
sneMeHT, m npMcnocoorieH 
6riM>KHero SKpaHMpyioLnero 
nepeMeu^aTbCfl BAorib ocm. 
sneMeHTbi coBMecTHO MMHMMM3MpyioT yTeHKy 
MarHMTHoro noTOKa ycTpoMCTBa nocpeACTBOM 
o6pa30BaHMfi SKpaHMpoBaHHoro m 3aKpbiToro 
MarHMTHoro y3Jia. OTcyTCTBMe Hapy>KHoro 
MarHMTHoro noTOKa no3BorifleT 6jim3ko 
pacnoriaraTb JiK)6oe hmctio ycTpoMCTBa npMBOAa 

M A3THMKOB 6e3 npo6lieM B3aMMOCBfl3M. 

BriM3Kopacnono>KeHHbie npMBOAbi m a^thmkm 
MarHMTHO He BiiMqioT Apyr Ha flpyra. 

Be3 OTAeneHM^ ot Ayxa n cyTM nsoSpeTeHMJi, 
KOTopbie ycTaHaBfiMBaiOTCfl b 4>opMyrie 
M3o6peTeHMfl, MoryT 6biTb BbinormeHbi MHorMe 

MHbie MOAMCjDMKai4MM, AOnOJIHeHMfl 

MfiniocTpMpyeMbix npMMepoB m/mjim OTAsribHbix 

3JieMeHTOB M3 HMX. 

OopMyna M3o6peTeHMfl: 

1 . 3KpaHMpoBaHHoe sneKTpoMexaHMHecKoe 

yCTpOMCTBO ATlfl MCnOJ1b30BaHMfl B MaCCOBOM 

pacxoAOMepe KopMoriMCOBa TMna ati^ 
B33MMHoro npeo6pa3QBaHMa MexaHMHecKOM m 
sneKTpMHecKOM SHeprMM, coAep>KaLAee 6jim>khmm 
KOHeu m Aa-nbHMM KOHeu, y3en oOmotkm, 
coeAMHeHHbiM c yKaaaHHbiM Asi-HbHMM kohljom, 
MarHMTHbiM y3en, coeAMHeHHbiM c yKa3aHHbiM 
6jim>khmm KOH140M, npMcnoco6jieHHbiM 

B3aMMOAeMCTBOBaTb C yKa3aHHblM y3J10M 

o6motkm, m SKpaHMpyfouj.MM y3eri, OKpy>KaiOLHMM 
yKa3aHHbiM y3en o6motkm m yKa3aHHbiM 
MarHMTHbiM y3en, npMcnoco6neHHbiM yMeHbuiaTb 
MarHMTHoe none CHapy>KM yKa3aHHoro 
□KpaHMpyioLAero y3na, npMneM yKa3aHHbiM 

SKpaHMpyHDLAMM y3efl BKJIKDHaeT 6nMXHMM SKpaH, 

npMKpenneHHbiM k yKa3aHHOMy 6nM>KHeMy K0Hi4y, 
m A^nbHMM 3KpaH, npMKpenneHHbiM k yKa3aHHOMy 
AanbHeMy KOHi_\y, OTnMHaioLneec?i TeM, hto oamh 
M3 yKa3aHHbix SKpaHOB npMcnocoorieH TaK, 
HTo6bi BXOAMTb BHyTpb Apyroro M3 yKa3aHHbix 
SKpaHOB m nepeMemaTbca OTHOCMTenbHO Hero. 

2. YcTpoMCTBO no n.1, OTJiMMaioLAeecfl TeM, 
hto yKa3aHHbiM SKpaHMpyioiAMM y3en coAep>KMT 
MarHMTonpoHMi4aeMbiM MaTepMan. 

3. YcTpoMCTBO no n.2, OTJiMHaiOLneecfl tsm, 
hto yKa3aHHbiM SKpaHMpywLAMM y3en coa©P>kmt 
cTanb. 

4. YcTpoMCTBO no n. 1, OTnMHafomeecfi TeM, 
hto yKa3aHHbiM MarHMTHbiM y3en coAep>KMT 
MarHMTHbiM oneMeHT. 

5. YcTpoMCTBO no n.4, OTfiMHaioLAeecfl TeM, 
hto MamMTHa^ opMeHTai4M3 yKa3aHHoro 
MarHMTHoro sneMeHTa, no cymecTBy, coBnaAaeT 
c ocbHD, pacnpocTpaHflHDiAeMCfl MexcAy 

yK33aHHblMM 6nM>KH MM M A^nbHMM KOHL43MM . 

6. YcTpoMCTBO no n. 4, OTnMHaK)Lneecjq TeM, 
hto yK33aHHbiM MarHMTHbiM y3en coAepxMT 
Aanee nonfocHbiM HaKOHeHHMK, pacnono>KeHHbiM 
CMe>KHO c yKa3aHHbiM MarHMTHbiM sneMeHTOM. 

7. 3KpaHMpoBaHHoe sneKTpoMexaHMHecKoe 

yCTpOMCTBO ATlfl MCnonb30BaHMfl B MaCCOBOM 

pacxoAOMepe KopMoriMCOBa TMna atis 
BsaMMHoro npeo6pa3QBaHMa MexaHMHecKOM m 
sneKTpMHecKOM 3HeprMM, coAep^aLnee 6nM>KHMM 
KOHei^ m A^i-nbHMM KOHei^, yaen oSmotkm, 

CoeAMHeHHbiM C yKa3aHHblM ASl-HbHMM KOHI^OM, 

MarHMTHbiM yaen, coeAMHeHHbiM c yKaaaHHbiM 
6nM>KHMM KOHU.OM, npMcnocooneHHbiM 
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BaanMOflencTBOBaTb c yKa3aHHbiM y3noM 
oSmotkm , n SKpaHMpyHDLHHM y3en, OKpy>KafOLHMW 
yKa3aHHbiCi y3en o6motki/i m yKa3aHHbiw 
MarHMTHbiM y3en, npncnoco6neHHbiM yMeHbiuaTb 
MarHMTHoe none CHapy>Ki/i yKa3aHHoro 
3KpaHMpyfoiu 1 ero y3na, OTnnHafom,eecfl TeM, hto 
MamMTHbiM y3en BKnionaeT nepBbm n BTopoPi 
MamnTHbie aneivieHTbi 1/1 noniocHbM HaKOHeHHMK, 
yKa3aHHbiPi nontocHbiM HaKOHSHHMK pacnono>KeH 

CMB>KHO C yKa3aHHblM nepBbIM MarHMTHbIM 

aneivieHTOivi, a yKa3aHHbifi BTopofi MarHMTHbiM 
aneivieHT pacnono>KeH CMe>KHO c yKa3aHHbiM 

nOJlfOCHblM HaKOHeHHMKOM. 

8. YcTpoficTBO no n.7, OTJiMHafomeeca TeM, 
hto MarHMTHafl opueHTai^nsq yKa3aHHbix nepBoro 
m BToporo MarHMTHbix aneivieHTOB, no cym,ecTBy, 
coBnaflaeT c ocbfo, pacnpocTpaHflHDmeficfl 
Me>Kfly yKa3aHHbiM 6jim>khhm m yKa3aHHbiM 

flaJIbHUM KOHI^aMH. 

9. YcTpokicTBO no n.8, OTJiMHafomeecfl TeM, 
hto yKa3aHHbie MamnTHbie opneHTai4nn 
yKa3aHHbix nepBoro v\ BToporo Man-MTHbix 
aneivieHTOB HanpaBJieHbi b npoTHBonono>KHbie 

CTOpOHbl. 

10. YcTpoMCTBO no n.7, OTni/inaHDineecfl TeM, 

HTO nepBbiM H BTOpOM Mami/lTHbie 3JieMeHTbl H 

yKa3aHHbiki nonracHbiM HaKOHeHHWK 

pacnono>KeHbi Ha yKa3aHHOM ocu, 
pacnpocTpaHflfOLnewcfl Me>KAy yKa3aHHbiMH 

6nM>KHHM M flan bH MM KOHL4aMM. 

11. YcTpoMCTBO no n.10, OTni/iHafomeecfl 
TeM , hto con,ep>KHT p,anee KOHueBbie noniocHbie 

HaKOHeHHUKU, pa3MeLL|eHHbie CMe>KHO C Ka>KflblM 
M3 yKa3aHHblX nepBbIM V\ BTOpbIM MarHHTHblMM 

aneMeHTaMM, npi/ineM yKa3aHHbie nonfocHbie 
HaKOHeMHUKM pacnono>xeHbi Ha yKa3aHHoi?i ocu, 
pacnpocTpaH^fOLne^ca Me>KAy yKasaHHbiMi/i 

6nM>KHMM M flanbHUM KOHLjaMH. 

12. YcTpoMCTBO no n.11, OTnnHaH3LU,eec^ 
TeM , hto yKa3aHHbiPi nonfocHbiM HaKOHeHHUK n 
yKa3aHHbie KOHLjeBbie noniocHbie HaKOHeHHMKH 
coflep>KaT BbicoKonpoHMi^aeMbiM MaTepnan. 

13. YcTpoMCTBO no n.11, OTnunaioLL^eecyi 
TeM, hto BbicoKonpoHni^aeMbiM MaTepnan 
fiBnafOTCfl CTanbfo. 

14. YcTpoMCTBO no n.1 , OTnuHafou^eecH TeM, 
hto yKasaHHbiCi y3en o6motkh onpeAenatoT 
BHyTpeHHraK) nonocTb, npuneM yKasaHHbiPi 
MamnTHbiM y3en pacnono>KeH BHyTpn yKa3aHHOM 
nonocTM. 

15. YcTpoMCTBO no n.14, OTnHHakDiueecfl 
TeM, hto yKa3aHHbifi y3en oo"motkh, no 
cymecTBy, unnnHAPunecKUM n MarHHTHO 
B3anMOAeCicTByeT c yKa3aHHbiM MamnTHbiM 
y3noM. 

16. MaccoBbiPi pacxoAOMep KopnonncoBa 
Ti^na, coAe p>Ka \i\v\v\ cynopT, ABe HenpepbiBHbie 
napannenbHbie neTnn H3 Tpyo", npoHHO 
3aKpenneHHbix y cbohx BnycKHbix m BbinycKHbix 
KOH140B Ha cynnopTe, SKpaHnpoBaHHoe 
sneKTpoMarHHTHoe ycTpowcTBO npuBOAa, 
pacnono>KeHoe Me>KAy yKa3aHHbix neTenb, 
AewcTBytoLi^ee Ha yKa3aHHbie neTnn atia mx 
Kone6aHMfl B03ne cooTBeTCTByjoLi^nx ocefi 
Kone6aHMfl, npwneM yKa3aHHoe 3KpaHkipoBaHHoe 
ycTpoMCTBO npuBOAa coAepx<viT 6nn>KHnfi KOHei^, 
npuKpenneHHbiki k oahom M3 yKa3aHHbix neTenb, 
m Aa-nbHMki KOHei_j, npuKpenneHHbm k Apyrow M3 
yKa3aHHbix neTenb, y3en o6motkm, coeflMHeHHbiti 
c yKa3aHHbiM Asi-nbHMM KOH140M, MamnTHbiCi 
y3en, coeA^HeHHbiM c yKa3aHHbiM 6nw>KHHM 
KOHU.OM, npncnoco6neHHbiM B3anMOAeMCTBOBaTb 
c yKasaHHbiM y3noM o6motkh, m GKpaHnpyioLHHM 
y3en, OKpy>KaK)L4HH yKa3aHHbiCi y3en o6motkm h 
yKa3aHHbifl MarHMTHbiM y3en, npncnoco6neHHbiM 
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yMeHbiuaTb MamnTHoe none CHapyxn 
yKa3aHHoro SKpaHnpyKDL^ero y3na, npuneM 
yKa3aHHbiw 3KpaHnpykDLU,nCi y3en BKnhonaeT 
6nn>KHnCi 3KpaH, npuKpenneHHbiPi k yKa3aHHOMy 
6nn>KHeMy KOHi4y, m ^bt\\=>h\a\a SKpaH, 
npuKpenneHHbiM k yKa3aHHOMy AanbHeMy KOHi^y, 
OTnMHafOLU.nCica TeM, hto oamh M3 yKa3aHHbix 
3KpaHOB npncnoco6neH BXOAHTb BHyTpb Apyroro 
H3 yKa3aHHbix 3KpaHOB n nepeMemaTbcn 
OTHOcnTenbHO Hero, a^thmk, npncnoco6neHHbiM 
Ana n3MepeHna BennnnHbi own Kopnonnca, 
B03HHKahoi_i4Mx b pe3ynbTaTe Toro, hto MaccoBbiPi 
noTOK Ha ynacTKe yKa3aHHOM neTnn 
noflBepraioTC^ Kone6aTenbHOMy ABM>KeHMfo. 

17. PacxoAOMep no n.16, OTnuHajou^MMCfi 
TeM, hto yKa3aHHbiPi a^thmk coAep>KMT 6nn>KHnPi 
KOHeu, n AaTibHUM KOHei4, y3en oSmotkm, 
coeAHHeHHbiPi c yKa3aHHbiM A^-nbHUM kohi^om, 
MarHMTHbiM y3en, coeAMHeHHbiPi c yKa3aHHbiM 
6nn>KHHM KOH140M, npncnoco6neHHbiM 
B3anMOAeMCTBOBaTb c yKa3aHHbiM y3noM 
o6motkh, n SKpaHnpyfoinMM ysen, OKpy>KaK)i_i4HM 
yKa3aHHbiM y3en o6motkh m yKa3aHHbiM 
MarHMTHbiii y3en, npncnoco6neHHbiw yMeHbuiaTb 
MarHMTHoe none CHapyxn yKa3aHHoro 
3KpaHnpyHDii4ero y3na. 

18. MaccoBbm pacxoAOMep KopnonncoBa 
Tuna, coAepxainHM cynnopT, HenpepbiBHyro 
neTnfo Tpy6onpoBOfla, npoHHO npuKpenneHHyio y 
cbomx BnycKHoro m BbinycKHoro KOH140B k 
cynnopTy, SKpaHnpoBaHHoe sneKTpoMarHMTHoe 
ycTpoMCTBO npuBOAa, Ae^CTByiOLAee Ha 
yKa3aHHyto neTnKD a^i^ ee Kone6aHHfl B03ne ocu 
Kone6aHH?i, coAepKamee 6nn>KHHM KOHei^ \a 
AanbHMM KOHei4, y3en o6motkh, coeAHHeHHbM c 
yKa3aHHbiM AanbHHM kohi^om, MamnTHbiM y3en, 
coeAHHeHHbiM c yKa3aHHbiM 6n h>khmm kohl^om, 
npncnoco6\neHHbitf B3anMOAeMCTBOBaTb c 
yKa3aHHbiM y3noM o6motkh, h SKpaHnpytoLUMM 
y3en, OKpyxatomuM yKa3aHHbm y3en oSmotkh m 
yKa3aHHbiw MarHMTHbiM y3en, npucnocoSneHHbiM 
yMeHbiuaTb MarHHTHoe none CHapy>KM 
yKa3aHHoro 3KpaHnpyioLnero y3na, n asithhk, 
npncnoco6neHHbiCi a^^ n3MepeHMfi BennnnHbi 
cun Kopnonnca, BOSHMKaioLi^nx b pe3ynbTaTe 
Toro, hto MaccoBbiCi noTOK Ha ynacTKe 
yKa3aHHoi?i neTnn noABepraeTca 
KoneSaTenbHOMy ABM>KeHHK), coAe p>Ka \i\v\v\ 
6nn>KHnPi KOHei^ v\ Aa-nbHUM KOHei^, y3en 
o6motkh, coeAHHeHHbiw c yKa3aHHbiM AaTibHUM 
KOH140M, MarHHTHbiM y3en, coeAHHeHHbiw c 
yKa3aHHbiM 6nn>KHMM kohi^om, 
npncnoco6neHHbiw B3anMOAeficTBOBaTb c 

yK33aHHblM y3nOM 06MOTKH, M 3KpaHMpyiOLL^MM 

y3en, OKpyxaioLL^MM yKa3aHHbm y3en o6motkm m 
yKa3aHHbiM MarHMTHbiM y3en, npncnoco6neHHbii?i 
yMeHbiuaTb MarHHTHoe none CHapyxn 
yKa3aHHoro SKpaHnpyioLL^ero y3na, 

OTnunafOLAMMCfi TeM, hto yKa3aHHoe yCTpOMCTBO 
npuBOAa n yKa3aHHbiPi asithmk HaxoA^TCfl Ha 
yK33aHHOM neTne paflOM flpyr cflpyroM. 

19. PacxoAOMep no n.18, OTnuHaioLUMPicfl 
TeM, hto coflep>KMT flanee BTopyio HenpepbiBHyio 
neTnfo Tpy6onpoBOfla, npoHHO npuKpenneHHyto y 
cboux BnycKHoro n BbinycKHoro kohi^ob k 
cynnopTy. 

20. PacxoAOMep no n.19, OTnuHaiou^MMCfl 
TeM, hto yKa3aHHan neTna m yKa3aHHaa BTopaa 
neTna, no cyLAecTBy, napannenbHbi. 

21. PacxoAOMep no n.19, OTnuHahDiuMMCfl 
TeM, hto yKa3aHHoe ycTpoMCTBO npwBOAa n 
AaTHMK pacnono>KeHbi Me>KAY yKasaHHOM neTneCi 
m yK33aHHOM BTopow neTnew. 

22. PacxoAOMep no n.21 , OTnnnaiom i MCic?i 
TeM, hto 6nn>KHne KOHi4bi yKa3aHHbix ycTpoMCTBa 
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npuBOfla m flaTHHKa coeflMHeHbi c oahoh M3 
yKa3aHHbix neTenb, a flanbHue KOHLjbi yKa3aHHbix 
ycTpowcTBa npuBOAa h flaTHUKa coeAMHeHbi c 
Apyrow H3 yKa33HHbix neTenb. 

23. MaccoBbifi pacxoAOMep KopnonncoBa 
Ti/ina, coAep>KaLi4HM cynnopT, HenpepbiBHyto 
nemra TpyGonpoBOAa, npo^HO npMKpenneHHyfo y 
cbomx BnycKHoro n BbinycKHoro KOH140B k 
cynnopTy, 3KpaHnpoBaHHoe yorpoticTBO 
npuBOAa, ASMCTByfomee Ha yKasaHHyra neuira 
Ana ee Kone6aHHfl B03ne ocm KoneoaHMfl, 
coAep^aLAee £>n h>kh \a \a KOHei_| m flanbHiiR KOHeu,, 
y3en oomotkm, coeAWHeHHbifi c yKa3aHHbiM 
AaribHUM KOH140M, MarHMTHbiM y3eji, 
coeAHHeHHbiPi c yKa3aHHbiM 6jih>khhm kohu,om, 
npncnoco6neHHbii?i B3anMOAeMCTBOBaTb c 
yKa3aHHbiM y3noM oSmotkh, h 3KpaHMpyfOLHnPi 
y3en, OKpy>KafOLL^HM yKa3aHHbiM y3en o6motkm h 
yKa3aHHbiPi MarHMTHbiM y3en, npncnoco6neHHbiw 
yMeHbiuaTb MamnTHoe none CHapy>KH 
yKa3aHHoro SKpaHnpyfomero y3na, n asithmk, 
npncnoco6neHHbiPi AJ~ifl H3MepeHMfl BennnnHbi 
cun Kopnonnca, B03HMKafou4nx b pe3ynbTaTe 
Toro 3 hto MaccoBbiw noTOK Ha ynacTKe 
yKa3aHHOM nemn noABepraKrrca 
Kone6aTenbHOMy abhx^hhio, coAepxamHi/i 
6nn>KHnPi KOHei_\ n i\anh>\-\v\v\ KOHei^, y3en 
o6motkm, coeAHHeHHbifi c yKa3aHHbiM A^-nbHUM 
KOHI4QM, MamHTHbiki y3en, coeAWHeHHbiPi c 
yKa3aHHbiM ojih^hmm KOH140M, 

npncnoco6neHHbiM B3awMOAewcTBOBaTb c 
yKa3aHHbiM y3noM oSmotkh, h SKpaHnpyfOLAnCi 
y3&n, OKpyxawLnnCi y3en, OKpywaioinHM 
yKa3aHHbiCi y3on o6motkm m yKa3aHHbiw 
MarHMTHbiM y3en, npncnoco6neHHbiM yMeHbiuaTb 
MamMTHoe none CHapy>KM yKa3aHHoro 
3KpaHnpyfOLU 1 ero y3na, OTni/NafOLHi/Mca Teiw , hto 
coAep>KHT Aa.nee BTopyfo HenpepbiBHyio nemto 
Tpy6onpoBOAa, npoHHO npuKpenneHHyfo y cbohx 
BnycKHoro m BbinycKHoro kohi^ob k cynnopTy, 
yKa3aHHbie yor potior bo npuBOAa m asithhk 
pacnono>KeHbi iwe>KAy yKa3aHHofi neTnefi n 
yKa3aHHOM BTopotf neTneM, 6nn>KHne kohl^n 
yKa3aHHbix ycTpoMCTBa npuBOAa m a^t^hio 
coeAHHeHbi c oahom H3 yKa3aHHbix neTenb, a 
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AanbHue KOHLjbi yKa3aHHbix ycTponcTBa npuBOAa 
m A^THMKa coeA^HeHbi c APyrow M3 yKa3aHHbix 
neTenb, yKa3aHHbie yorpowcTBO npuBOAa i/i 
AaTHMK pacnonoxeHbi phaom APyr c ApyroM. 

24. MaccoBbiM pacxoAOMep KopnonncoBa 
Tuna, coAepxamuM cynnopT, HenpepbiBHyio 
neTnfo TpyBonpoBOfla, npoHHO npuKpenneHHyto y 
cbomx BnycKHoro n BbinycKHoro KOH140B k 
cynnopTy, 3KpaHnpoBaHHoe sneKTpoMamHTHoe 
ycTpoticTBO npuBOAa, Ae^cTByjou^ee Ha 
yKa3aHHyto neTnto Ana Kone6aHMfl yKa3aHHOM 
neTnw B03ne ocu Kone6aHMiR, coAep>KaLAee 
6ni/i>KHnFi n flanbHMR KOHi4bi, y3en o^motkm, 
coeAMHeHHbiM c AaribHUM kohuom, MamnTHbiM 
y3en, coeAHHeHHbiti c yKa3aHHbiM 6\tih>khi/im 
kohliom, npncnoco6neHHbiPi B3anMOAePicTBOBaTb 

C yK33aHHblM y3noM o6motkm, h SKpaHUpyJOLUMM 

y3en, OKpy>KatoLi^MM yKa3aHHbii?i y3en o6motkm m 
yKa3aHHbiw MarHMTHbiM y3en, npncnoco6neHHbiPi 
yMeHbiuaTb MarHMTHoe none CHapy>KM 
yKa3aHHoro SKpaHnpyioLAero y3na, n a^thhk, 
npucnocoGneHHbiti aha n3MepeHM^ BennnnHbi 
cun Kopnonnca, B03HMKaioLAHx b pe3ynbTaTe 
Toro, hto MaccoBbiM noTOK Ha ynacTKe 
yK33aHHOM neTnn noABepraeTC^ 
KoneGaTenbHOMy ABMxeHHK), coAep^am.MM 
6ni/i>KHeki KOHei^ m A^-nbHUM KOHei_|, y3en 
oSmotkh, coeAHHeHHbiM c yKa3aHHbiM AsmbHMM 
KOH140M, MarHHTHbiM y3en, coeAHHeHHbiPi c 
yKa3aHHbiM 6n h>kh m m kohljom, 

npucnocoGneHHbiM B3anMOAewcTBOBaTb c 
yKa3aHHbiM y3noM o6motkh, m SKpaHnpytomuM 
y3en, OKpyxaHDii^MM yKa3aHHbiCi y3en o6motkh m 
yKa3aHHbiw MarHMTHbiM y3en, npncnoco6neHHbiCi 
yMeHbiuaTb MarHMTHoe none CHapy>KM 
yKa3aHHoro 3KpaHMpyfom,ero y3na, 

OTnMHafOLU.nCica tgm, hto coAep>KMT BTopoe 
ycTpoPicTBO npuBOAa n BTopoPi asthmk, npi^neM 
yKa3aHHbie ycTpowcTBa npuBOAa npuBOA^T b 
AeMCTBue yK33aHHyKD neTnfo b pa3nkiHHbix 
TOHKax Bflonb neTnn B03ne ocm Kone6aHna. 

25. PacxoAOMep no n.24, OTnunaiOLL^nCic?! 
TeM, hto ynacTOK yKa3aHHOM neTnn Me>KAy 
yKa3aHHOM napow ycTpo^cTB npuBOAa 
npeACTaBn^eT, no cyu^ecTBy, np^Myio ceKi^nio. 
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'T /FOTPOM AGNET T C HRTVER AND SENSOR 

w»r.karo" "* of thff Tnventjoi 
The present invention relates to electromagnetic 
drivers for oscillating-conduit Coriolis-type mass 

5 flowmeters. ^ . . . _ 

in response to the need to measure the quantity of 

material being delivered through pipelines, numerous types 
of flowmeters have evolved from a variety of design 
principles. One of the more widely used types of flowmeters 
0 is based on volumetric flow. Volumetric flowmeters are at 
best inaccurate in determining the quantity of material 
delivered, where the density of the material varies with 
temperature of feedstock or where the fluid being pumped 
through the pipe line is polyphase such as a slurry or where 
L5 the fluid is non-Newtonian such as mayonnaise and other food 
products, in addition, chemical reactions, which are in 
effect mass reactions where proportions of reactants are 
critical, may be poorly served by volumetric flowmeters. 
A mass flowmeter, on the other hand, is an 
20 instrument that provides a direct indication of the quantity 
of mass, as opposed to volume, of material being transferred 
through the pipeline. Various methods for measuring mass 
flow in a moving stream require application of a force to 
the stream and detecting and measuring some consequence of 

25 the applied force. 

One class of mass measuring flowmeters is based on 
the well-known Coriolis effect. An exemplary Coriolis-type 
mass flowmeter is described in a co-pending U.S. patent 
application Serial No. 923,847 filed October 28, 1986 by 

30 Mattar et al., entitled "Coriolis-Type Mass Flowmeter" 
assigned to the assignee of the present invention and 
incorporated herein by reference in its entirety. 
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Many Coriolis-type mass flowmeters induce a Coriolis 
force by oscillating the pipe sinusoidally about a pivot 
axis orthogonal to the length of the pipe. In such a mass 
flowmeter, Coriolis forces are exhibited in the radial 
movement of mass in a rotating conduit. Material flowing 
through the pipe becomes a radially travelling mass which, 
therefore, experiences an acceleration. The Coriolis 
reaction force experienced by the travelling fluid mass is 
transferred to the pipe itself and is manifested as a 
deflection or offset of the pipe in the direction of the 
Coriolis force vector in the plane of rotation. 

A major difficulty in these oscillatory systems is 
that the Coriolis force and, therefore, the resulting 
deflection is relatively small compared not only to the 
5 drive force but even to extraneous vibrations. On the other 
hand, an oscillatory system can employ the inherent bending 
resiliency of the pipe itself as a hinge or pivot point for 
oscillation that obviates the need for separate rotary or 
flexible joints, which improves mechanical reliability and 
0 durability. Moreover, an oscillatory system offers the 

possibility of using the resonant frequency of vibration of 
the tube itself to reduce the drive energy needed. 

Energy is supplied to the tubes by a driving 
mechanism that oscillates the tubes by applying a periodic 
>5 force. A typical type of driving mechanism is exemplified 
by an electromechanical driver, which exhibits motion 
proportional to a voltage applied across its coil. In an 
oscillating flowmeter the applied voltage is periodic and, 
generally, is sinusoidal. As mentioned above, the period of 
30 the input voltage, and hence, the driving force, is chosen 
to match the resonant frequency of the tube to reduce the 
energy needed to sustain the oscillation. 
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The Coriolis force resulting from the oscillation 
and the mass flow within the tube is measured by sensors 
also disposed on the flowmeter tube. In some cases it is 
desirable to place the sensors in close proximity to the 
driving mechanism. For example, in some systems this 
arrangement results in a more accurate determination of the 
Coriolis force exhibited by the flowmeter tube. 

gn^ary of the Tnvention 

The general purpose of the invention is to improve 
the performance of electromagnetic drivers and sensors. A 
more specific goal is to eliminate magnetic cross-talk 
between a driver and a closely disposed sensor to improve 
the sensitivity of the driver/ sensor combination. 

These and other objects of the invention are 
achieved by various combinations of features disclosed 
herein. The claims appended hereto should be consulted for 

the scope of the invention. 

According to the invention, a shielded 
electromechanical device for use in a Coriolis type mass 
flowmeter for interconverting mechanical energy and 
electrical energy includes a proximal end and a distal end, 
is adapted to move relative to the proximal end. A coil 
assembly is connected to the distal end, and a magnet 
assembly is connected to the proximal end. The coil 
assembly defines an interior cavity. A magnetic assembly 
comprises at least one magnetic member connected to the 
proximal end and has at least one magnetic member with a 
magnetic orientation aligned substantially with an axis 
connecting the proximal and distal ends. The magnetic 
assembly is disposed in the interior cavity and is adapted 
to interact magnetically with said coil assembly. A shield 
assembly surrounds the coil assembly, and the magnetic 
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assembly is adapted to reduce the magnetic field exterior to 

said shield assembly. 

In another embodiment of the invention, the shielded 
electromechanical device is adapted to convert mechanical 
5 energy into electrical energy. The mechanical energy is 
applied to the device by movement of the magnetic assembly 
relative to the coil assembly, and the coil assembly 
produces electrical energy in response to the mechanical 

movement . 

10 In another embodiment , the shielded 

electromechanical device is adapted to convert electrical 
energy into mechanical energy. The electrical energy is 
applied to the coil assembly, and the magnetic assembly 
moves relative to the coil assembly in response to the 

15 electrical energy. 

In another embodiment, the shield assembly further 
includes a proximal shield and a distal shield; the proximal 
shield is attached to the proximal end, and the distal 
shield is attached to the distal end of the 
20 electromechanical device. 

In a preferred embodiment and as another aspect of 
the invention, one of the shields is adapted to fit within 
and move relative to the other of the shields. 

In other embodiments, the shield assembly is made of 
25 a magnetically permeable material, such as steel. 

In other embodiments, the magnetic assembly consists 
of a magnetic member. The magnetic orientation of the 
magnetic member is substantially aligned with an axis 
extending between the proximal and distal ends. 
30 In a further embodiment, the magnetic assembly 

further includes a pole piece disposed adjacent said first 
magnetic member. 
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In other embodiments, the magnetic assembly further 
includes a second magnetic member. The magnetic orientation 
of the second magnetic member is substantially aligned with 
said axis extending between said proximal and distal ends. 
5 in a related aspect, the magnetic orientations of 

said first and second magnetic members are oriented in 
opposite directions; the magnetic assembly further includes 
a pole piece disposed between the first and said second 
magnetic members. The pole piece is made from a high 

10 permeability material. 

In other related aspects, the coil assembly defines 
an interior cavity with the magnetic assembly is disposed 
within the cavity. The coil assembly is substantially 
cylindrical and interacts magnetically with the magnetic 

15 assembly. 

In another aspect of the invention, a Coriolis type 

mass flowmeter includes a support and a continuous loop of 
conduit solidly mounted at its inlet and outlet ends to the 
support. A shielded electromagnetic driver acts on the loop 

20 and oscillates the loop about an oscillation axis. A sensor 
is adapted to measure the magnitude of the Coriolis forces 
arising as a result of mass flow in the portion of the loop 
undergoing oscillatory motion. The shielded electromagnetic 
driver includes a proximal and distal end. A coil assembly 

25 is connected to the distal end, and a magnetic assembly is 
connected to the proximal end and is adapted to interact 
with the coil assembly. A shielded assembly surrounds the 
coil assembly and the magnetic assembly. The shield 
assembly is adapted to reduce the magnetic field exterior to 

30 the shield assembly. 

In another embodiment, the sensor includes proximal 
and distal ends. A coil assembly is connected to the distal 
end and a magnetic assembly is connected to the proximal end 
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and is adapted to interact with the coil assembly. A shield 
assembly surrounds the coil and magnetic assemblies and is 
adapted to reduce the magnetic field exterior to the shield 

assembly. 

In further embodiments, the driver and sensor are 
juxtaposed on the loop. The flowmeter may include a second 
continuous loop of conduit solidly mounted at its inlet and 
outlet ends to the support. The. first and second continuous 
loops of conduit are substantially parallel. The driver and 
sensor are disposed between the two loops. 

In another embodiment of the invention, the 
flowmeter includes a second driver and a second sensor. The 
drivers drive the loop at different point along the loop 
about the oscillation axis. 

In yet another embodiment of the invention, the 
portion of the loop between the pair of drivers is a 
substantially straight section. 

nocfrri ption of the Pr eferred Kmbodiments 
We first briefly describe the drawings. 
FIG. 1 is a perspective view of a Coriolis type mass 

flowmeter. 

FIG. 2 is side schematic view of the apparatus of 

Fig. 1. 

FIG. 3 is a schematic representation of three modes 
of motion of the apparatus of Figs. 1 and 2. 



FIG. 4 is a sectional view of an electromechanical 
driver according to the invention. 
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FIG. 5 is a schematic representation of an 
alternative' embodiment of the electromechanical driver of 

Fig. 4. 

FIG. 6 is a sectional view of an electromechanical 
sensor according to the invention. 

yc.nhanica l Design 
A specific tubular configuration is described herein 
in a perpendicular orientation with respect to the direction 
of the process flow, i.e., the direction of flow in a 
straight section of pipeline in which the material is to be 
inserted. The invention is equally applicable to in-line 
and other tubular configurations. The implementations 
illustrated herein are designed for flow meters for a 
variety of products including petroleum based fuels, for 
example. The flowmeter and electromechanical driver 
described herein are applicable, of course, to a wide 
variety of other specific designs for the same or 

applications. 

Fig. 1 illustrates a double loop, dual 
drive/detector system with mainly torsional loading of the 
tube ends where they are connected to a single rigid central 
manifold connected in line with the process flow. The same 
embodiment is shown in Figs. 1 and 2. 

The mass flowmeter 10 of Figs. 1 and 2 is designed 
to be inserted in a pipeline (not shown) which has had a 
small section removed or reserved to make room for the 
meter. The pipeline is equipped with opposing spaced 
flanges (not shown) which mate with mounting flanges 12 that 
are welded to short sections of pipe 14 connected to a 
central manifold block 16 supporting the two parallel planar 
loops 18 and 20. The configuration and shape of loops 18 
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and 20 are essentially identical. Thus, the description of 
the shape of loop 18 holds true for loop 20 as well, except 
where noted. Manifold block 16 is preferably a casting in 
the general shape of a solid rectangular block with a flat 
5 horizontal upper surface or top 21 and integral pipe 

sections 14. Various portions of the manifold block may be 
removed to reduce weight. The ends of loop 18 comprise 
straight, preferably vertical, parallel inlet and outlet 
sections or legs 22 and 24 securely affixed, e.g., by butt 

10 welding, to the top of the manifold surface 21 in close 
proximity to each other. The base of loop 18 is a long 
straight section 26 passing beneath the bottom face of 
manifold block 16. The long straight section 26 at the base 
of the loop 18 is connected to upright legs 2 2 and 24 by 

15 respective diagonal sections 30 and 32. The four junctions 
between the various straight segments of the loop 28 are 
rounded by large radii turns to afford as little resistance 
to flow as possible. In particular, upright legs 22 and 24 
are connected to the respective diagonal segments 3 0 and 32 

20 by means of apex turns 34 and 36. The ends of the long 
straight base section 26 are connected to the respective 
ends of the diagonal segments 3 0 and 32 by lower rounded 

turns 38 and 40. 

The parallel inlet/outlet sections 22, 24 of both 

2 5 loops 18 and 20 pass through correspondingly apertured 

isolation plates or node plates 42 and 44 which are parallel 
to upper manifold surface 21 and spaced from the manifold 
surface by a predetermined distance. Welded to the tube, 
the node plates serve as stress isolation plates and define 

3 0 a common mechanical ground for each loop. 

Electromechanical driver and detector assemblies are 
attached between loops 18 and 20 on each of the lower 
rounded turns 38 and 40. Each assembly consists of an 
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15 



20 



25 



30 



electromagnetic driver 46 and sensor 48 disposed closely to 
each other, between the tubes 18 and 20. The electrical 
signals are transferred from driver and detection circuitry 
(not shown) to the drivers and sensors through wire leads 
50-53 which run along the exterior of the tubes, through 
apertured isolation plates 42 and 44, and are connected to 

an electrical socket 54. 

By energizing the driver pairs 46 on opposite ends 
of the tubes with current of egual magnitude but opposite 
sign (180 degrees out-of-phase) , straight section 26 is 
caused to rotate about its co-planar perpendicular bisector 
56 which intersects the tube at point c as shown in Fig. 2. 
The drive rotation is thus preferably in a horizontal plane 
about point c. The perpendicular bisectors for the straight 
sections of both loops preferably lie in a common plane of 

symmetry for both loops. 

Repeatedly reversing (e.g., controlling 
sinusoidally) the energizing current of the drivers causes 
straight section 26 of loop 18 to execute an oscillatory 
motion in the horizontal plane about line 56-56. The motion 
of each straight section 26 sweeps out a bow tie shape. The 
entire lateral excursion of the loop at the lower rounded 
turns 38 and 40 is small, on the order of 1/16 of an inch 
for a two foot long straight section 26 for a one inch pipe. 
This displacement is coupled to the upright parallel legs 22 
and 24 as torsional deflections about the axes of the legs 
22 and 24 beginning at the node plate 44. Complementary 
oscillatory motion is induced in the straight section of the 
loop 20. 

The motions of the straight sections of loops 18 and 
20 are shown in three modes in views a, b, and c in Fig. 3. 
in the drive mode as shown in view 3b, each conduit loop 
oscillates around a point c. The two loops rotate 
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synchronously but in the opposite sense, i.e., while loop 18 
rotates clockwise, loop 20 undergoes counterclockwise 
rotation. That is, the loops are driven 180° out-of -phase 
about their respective points c. Consequently, respective 
ends such as A and C as shown in Fig. 3 periodically come 
together and go apart. This type of drive motion induces 
Coriolis effects in the directions shown in view 3a. The 
Coriolis mode motion thus tends to move the whole planes of 
the loops 18 and 20. The Coriolis effect is greatest when 
the two straight sections 26 are parallel as shown in view 
3a, because the sinusoidally varying angular velocity is 
then at its maximum. Because the Coriolis mode motion of 
each loop is in the opposite direction, the straight 
sections 26 move slightly toward (or away) from each other 
15 as shown in view 3a. A common mode motion, undesirable. in 
this instrument, would be one which deflected the loops in 
the same direction as shown in view 3c. This type of motion 
might be produced by an axial wave in the pipeline itself in 
the embodiment of Fig. 1 because the loops are oriented 
20 perpendicular to the pipeline. 

The sensors 48 detect the oscillatory motion of the 
straight sections of the tubes and output a signal that is 
representative of the oscillatory drive force modulated with 
the Coriolis reaction force exhibited by the fluid 
25 undergoing acceleration. Because of the close proximity of 
driver 46 and sensor 48, special precautions must be taken 
to prevent magnetic interlock from occurring. That is, the 
magnetic field from driver 46 may induce a voltage within 
the sensor 48 to give a spurious signal. It is preferred 
30 that a shielded driver and sensor be used to prevent 
magnetic interlock from occurring. 
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gh-ip-MgH Driver 
With reference to Fig. 4, a driver assembly 46 of a 
preferred embodiment is shown. The shielded driver is 
designed to interconvert electrical and mechanical energy. 
5 specifically, the driver efficiently converts electrical 
energy (i.e., electrical signals) into mechanical energy 
(that is, mechanical motion). Driver assembly 46 consists 
of a proximal end 62 attached to flow conduit 18 by a 
proximal mounting bracket 64 and a distal end 66 attached to 
10 flow conduit 20 by a distal mounting bracket 68. 

Proximal end 62 consists of a magnetic assembly 72 
disposed within a proximal shield 70. The proximal shield 
is made of soft carbon steel and is cup-shaped having a 
cylindrical wall 71 and flat bottom 73 that is attached to 
15 proximal mounting bracket 64. The dimensions of the 

proximal shield are determined by the size and shape of the 
overall driver assembly. The proximal shield 70 acts as a 
magnetic path return, helping to contain the magnetic flux 
within the magnetic assembly. Disposed in the center of 
20 shield 70 is elongated magnet assembly 72 having a pair of 
magnets 75 and 76 separated by a central pole piece 78. The 
xaagnetic orientations of the magnets lie along the axis 80- 
80 defined by the driver assembly and point in opposite 
directions. That is, the magnetic orientations of magnets 
25 75 and 76 are antiparallel. In the embodiment shown in Fig. 
4, the magnets are oriented with the north poles of each 
magnet facing central pole piece 78. It will be appreciated 
by those skilled in the art that other orientations may be 
used, such as the south poles of each magnet facing the 
3 0 central pole piece. The pole piece may be made of any 

magnetically susceptible material, as is known in the art. 
A preferred material is soft carbon steel. This arrangement 
of m,cmets 75, 76 and central pcle piece 78 concentrates the 
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magnetic flux to within a small region proximate the pole 
piece for maximum interaction with a coil assembly 82. 

Distal end 66 of the driver assembly 60 consists of 
a coil assembly 82 disposed within a distal shield 84. The 
coil assembly comprises a coil carrier 86 which, on its 
distal end, is attached to distal shield 84 which is then 
attached to distal mounting bracket 68 by a nonmagnetic 
rivet 106 for connection to flow conduit 20. On the 
proximal end of the coil carrier 86, a bobbin 94 is 
integrally formed. The coil carrier can be made from a 
nonconducting material to minimized the formation of eddy 
currents on the carrier itself. The bobbin 94 has wire 
wound 96 therearound to form an electromagnetic coil 98. 
The coil and coil carrier define an interior cavity 100 
15 having a generally cylindrical section 102 and a 

frustoconical distal portion 104 that tapers from 
cylindrical section 102 to accommodate rivet 106. The 
generally cylindrical interior cavity is of a size 
sufficient to allow free movement of the magnet assembly and 
20 to allow maximum interaction between the coil assembly and 
the magnetic field projected from the magnet assembly. 

The proximal and distal shields are designed to move 
relative to each other and to minimize magnetic flux escape 
from the device. This is accomplished by forming the 
25 proximal and distal shields in a generally cylindrical 

overlapping shape such that one of the members can fit and 
move freely within the other. That is, the shields together 
form a telescoping arrangement wherein one of the shields 
fits within the other. In the embodiment shown in Fig. 4, 
30 the shielding members are cylindrical, and the proximal 
member has a smaller radius than the distal member and is 
adapted to fit within and move relative to the distal end 
along the axis 80-80 defined by the cylindrical shape of the 
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shields. Together the shields minimize the leakage of 
magnetic flux from and into the device by providing a 
shielded and enclosed magnetic assembly. A cut (not shown) 
in the cylindrical surface of the distal shield can be used 
to prevent eddy current formation, which can increase 
magnetic flux. The absence of an external magnetic flux 
allows close placement of any number of drivers and sensors 
without the problem of magnetic interlock; the proximate 
drivers and sensors will not magnetically influence each 
other. Another benefit of this arrangement is the increase 
in linearity that results from the multiple magnet assembly. 
The movement of the proximal and distal ends relative to 
each other due to the driving current in the coil will not 
significantly alter the permanent magnetic field and 
consequently linear driving forces are achieved. 

With reference to Fig. 5, another embodiment of the 
electromagnetic driver is shown. The driver 110 consists of 
an elongated soft carbon steel shield 112 having a 
cylindrical cross section perpendicular to the member's axis 
0 114-114. The shield has shoulder portions 116 and 118 that 
decrease the open area at each end of the shield and provide 
an opening through which an elongated magnetic member 120 
moves. Located on the internal surface 122 of the shield is 
an annular ridge 124 projecting toward the center of the 
5 shield. An electromechanical coil 126 is mounted upon the 
annular ridge 124. Disposed centrally within the shield 112 
is elongated magnetic member 120. Magnetic member 120 
consists of two magnets 128 and 130 and three pole pieces 
132 134, and 136. Disposed on opposite sides of central 
0 pole piece 132 are two magnets 128 and 130 that have their 
magnetic orientations antiparallel, with respect to each 
other, and parallel to the axis 114-114 of the magnetic 
member. In the embodiment of Fig. 5, the north poles of 
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each magnet 128 and 130 face each other- However, if 
desired, the south poles of each magnet may face each other. 
On the ends of each magnet 128 f 130 opposite pole piece 122 , 
are attached end pole pieces 13 4 and 136 respectively. 
Together pole pieces 132, 134 , and 136 and magnets 128 and 
13 0 form an elongated magnet assembly which exhibits high 
efficiency and linearity. 

Electromagnetic Design 
The design of the electromagnet device is based on 
the fact that maximum force should be provided from the 
driver with a minimum amount of current supplied to the 
coil. The equation governing the force is: 

F = N'I'l-B (1) 

where F = force (Newton) , 

N = number of coil turns, 

1 = coil average length per turn (meter) , 

I = coil current (amp) , and 

B « radial flux density (tesla) . 

In order to maximize B and still maintain the 
linearity of the force, two magnets should be used, 
connected back to back, with the pole pieces as shown in 
Figs. 4 and 5. In these configurations the flux will be 
forced to merge radially in the region occupied by the coil. 
The air gaps between the pole pieces and the shield will not 
change while the permanent magnet is moving, which reduces 
the non-linearity of the design. 

The embodiment of Fig. 5 consists of a soft carbon 
steel shell, 3 pole pieces, 2 permanent magnets and a coil. 
The aim of this embodiment is to focus the radial flux at 
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the coil region and thus achieve maximum driving force for a 

given coil current. 

A finite element analysis program was used to 
calculate the coil inductance as well as the average radial 
flux in the coil area. This model was then used to optimize 
the electromagnet design to achieve maximum force for a set 
amount of current. In the numerical model, the value used 
for the permeability of the soft carbon steel was 100, and 
that for the permanent magnet and air were 1. The remanence 
of the permanent magnet used was 0.9 tesla. The result of 
the calculation gave an average flux density of 477.2 
millitesla. The coil inductance was also calculated by 
simulating the coil as a strip of permanent magnet located 
in the center of the assembly. The finite element program 
was run again to calculate the flux distribution due to the 
simulated coil. A regression program was then run to obtain 
a mathematical relation between the flux and the radial 
distance. A geometrical relation of the form 



n (2) 



y = k x 

was used, where y is the flux, x is the distance, and k and 
n are constants to be fit by the regression program. 

From equation 2 the average flux was calculated and 
the effective radial distance was determined. This 
effective distance was used to estimated the effective 
annular area of the coil flux (A.) as well as the effective 
path length of the coil flux (1.). From these two factors, 
the inductance (L) was then calculated 



L = N 2 fiA_ / l n 



(3) 
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where N is the number of turns in the coil, and n is the 
free space permeability. The result for Fig. 5 gave a value 
of 7.465 mH for N = 450 turns. 

In order to verify the modelling results, an 
5 electromagnetic device was built. The air gap between the 
pole pieces and the shell was replaced by a plastic tube 
that accommodated the coil and kept the assembly centered. 
A magnet wire was wound on this_tube to make the assembly 
coil with a total of 450 turns. A small hole (i.e., Fig. 4, 
10 hole 109) was made in one end of the shell for inserting a 
hall effect probe for measuring the flux density. Two rare 
earth magnets were used with remanences of 0.85 to 0.93 
tesla. The magnet dimensions were 20 mm in diameter and 10 
mm in length. The maximum measure flux density was about 
15 500 gauss. The inductance was 7.75 mH measured with an 

impedance bridge instrument. The experimental results were 
very close to those predicted by the finite element method 
and provided more confidence in the theoretical work. 

An intrinsically safe mass flowmeter should have a 
20 low current limit in order to satisfy safety requirements so 
that this device will not be capable of igniting gas in a 
flammable environment. There are many factors that 
determine the value of the supplied current, such as coil 
inductance, resistance, barrier resistance, supply voltage, 
25 cabling characteristics, etc. In large Coriolis mass 

flowmeters, such as those having three inch diameter flow 
conduits, a large driving force is required if the tubes are 
thick and short (necessary for a compact design) . This 
requires a high supplied current value which could violate 
3 0 the safety specification. The only alternative way to make 
the meter require a smaller force is to use long tubes with 
very thin walls. In this case the meter design will not be 
compact and not suitable for high pressure. Hence, the 
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advantage of using the new design of the electromagnet 
device is apparent since it provides a large force with 
small current and allows for construction of a relatxvely 
compact and sturdy device. 

folded sensor 
A shielded sensor assembly 48, which is similar to 
driver 46, is shown in Fig. 6. .The shielded sensor 
assembly, like the shielded driver, is designed to 
interconvert electrical and mechanical energy. The sensor 
however, efficiently converts mechanical energy (mechanxcal 
motion) into electrical energy (electrical signals) , as 
opposed to the electromechanical driver. The shielded 
sensor assembly consists of a proximal end 152 attached to 
flow conduit 18 by a proximal mounting bracket 154, and a 
distal end 156 attached to flow conduit 20 by a 



mounting bracket 158. L1 1£ , 

Proximal end 152 consists of a coxl assembly 162 
positioned within a proximal shield 160 by a non-magnetic 
rivet 162. The shield is made of soft carbon steel and xs 
cup shaped having a cylindrical wall 161 and a flat bottom 
163 attached to proximal mounting bracket 154. The 
dimensions of the proximal shielding member is determined by 
the size and shaped of the overall sensor assembly. On the 
distal end of the coil assembly is an integral bobbxn 169 
having wire wound therearound to form an electromagnetxc 
coil 171. The coil assembly can be constructed from a non- 
magnetic material to prevent the formation of eddy currents. 
The coil assembly defines an interior cavity having 
generally cylindrical portions 170, 171 and frustoconxcal 
portions 172, 173, which taper from cylindrical portxon 170 
to opening 166 to accommodate rivet 162. The generally 
cylindrical interior cavity is large enough to allow free 
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movement of the magnet assembly, but small to allow maximum 
interaction between the coil assembly and the magnetic field 
projected from a magnet assembly. 

Distal end 156 consists of a distal shielding member 
176 and a magnetic assembly 178 disposed within the proximal 
shield. Shielding member 176 is made of soft carbon steel 
and is generally cup shaped having a cylindrical wall 180 
and a flat bottom 182, which is attached to the distal 
mounting bracket 158. The dimensions of the distal shield 
are determined by the size and shape of the overall sensor 
assembly. Disposed in the center of shielding member 176 is 
an elongated magnet assembly 178 having a magnet 182 and 
pole piece 184. The magnetic orientation of the magnet lies 
along the axis 186-18 6 defined by the sensor assembly. 

Like that of the shielded driver discussed above, 
the proximal and distal shielding members of the shielded 
sensor are designed to move relative to each other and to 
minimize magnetic flux escape out of and magnetic flux 
entrance into the device. This is accomplished by forming 
the proximal and distal shielding members in cylindrical 
shapes such that the shielding members together form a 
telescoping arrangement wherein one of the shielding members 
fits and moves within the other. In the embodiment shown in 
Fig. 6, the members are cylindrical and the distal shielding 
member has a smaller radius than the proximal shielding 
member and is adapted to fit within and move relative to the 
proximal shielding member along the axis. Together the 
shielding members minimize the leakage of magnetic flux of 
the device by providing a shielded and enclosed magnetic 
assembly. The absence of an external magnetic flux allows 
close placement of any number of drivers and sensors without 
the problem of interlock; the proximate drivers and sensors 
will not magnetically influence each other. 
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Many other modifications, additions and/or 
subtractions from the illustrated embodiments may be made 
without departing from the spirit or scope of the invention, 
which is indicated by the appended claim or equivalents 



thereto. 

What is claimed is: 
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1 1. A shielded electromechanical device for use in a 

2 Coriolis type mass flowmeter for interconverting mechanical 

3 energy and electrical energy comprising: 

4 a proximal end and a distal end; 

5 a coil assembly connected to said distal end; 

6 a magnetic assembly connected to said proximal end 

7 adapted to interact with said coil assembly; and 

8 a shield assembly surrounding said coil assembly and 

9 said magnetic assembly, said shield assembly adapted to 

10 reduce the magnetic field exterior to said shield assembly. 

1 2. The shielded electromechanical device of claim 1 

2 wherein said device converts electrical energy into 

3 mechanical energy. 

1 3. The shielded electromechanical device of claim 2 

2 wherein electrical energy is applied to said coil assembly, 

3 said magnetic assembly moving relative to said coil assembly 

4 in response to said electrical energy. 

1 4. The shielded electromechanical device of claim 1 

2 wherein said device converts mechanical energy into 

3 electrical energy. 

1 5. The shielded electromechanical device of claim 4 

2 wherein mechanical energy is applied to said device by 

3 movement of said magnetic assembly relative to said coil 

4 assembly, said coil assembly producing electrical energy in 

5 response to said mechanical movement. 

1 6. The shielded electromechanical device of claim 1 

2 wherein said shield assembly comprises a proximal shield and 
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a distal shield, said proximal shield being attached to said 
proximal end, and said distal shield attached to said distal 



3 
4 

5 end. 



7 The shielded electromechanical device of claim 2 
wherein one of said shields is adapted to fit within and 
move relative to the other of said shields. 

8. The shielded electromechanical device of claim 1 
wherein said shield assembly comprises magnetically 



3 permeable material 



9. The shielded electromechanical device of claim 8 
wherein said shield assemble comprises steel. 

10. The shielded electromechanical device of claim 
1 wherein said magnetic assembly comprises a magnetic 



1 

2 

3 member . 



11. The shielded electromechanical device of claim 



11. me siiicxu^ 

10 wherein the magnetic orientation of said magnetic member 
is aligned substantially with an axis extending between saxd 



l 

2 
3 

4 proximal and distal ends. 



12. The shielded electromechanical device of claim 
10 wherein said magnetic assembly further comprises a pole 
piece disposed adjacent said first magnetic member. 

! 13 The shielded electromechanical device of claim 

2 12 wherein said magnetic assembly further comprises a second 

3 magnetic member disposed adjacent said pole piece. 
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14. The shielded electromechanical device of claim 

13 wherein the magnetic orientation of said magnetic and 
said second magnetic members being aligned substantially 
with an axis extending between said proximal and distal 
ends. 

15. The shielded electromechanical device of claim 

14 wherein said magnetic orientations of said magnetic and 
second magnetic members are oriented in opposite directions. 

16. The shielded electromechanical device of claim 
13 wherein said magnetic and second magnetic members and 
said pole piece are disposed on said axis extending between 
said proximal and distal ends. 

17. The shielded electromechanical device of claim 

16 further comprising end pole pieces disposed adjacent each 
of said magnetic and second magnetic members, said end pole 
pieces disposed on said axis extending between said proximal 
and said distal ends. 

18. The shielded electromechanical device of claim 

17 wherein said pole piece and said end pole pieces comprise 
a high permeability material. 

19. The shielded electromechanical device of claim 
17 high permeability material is steel. 

20. The electromechanical device of claim 1 wherein 
said coil assembly defines an interior cavity, said magnetic 
assembly disposed within said cavity. 
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1 21 The shielded electromechanical device of claim 

20 wherein said coil assembly is substantially cylindrical, 
interact magnetically with said magnetic assembly. 



2 



1 



22. A Coriolis type mass flow meter comprising: 

2 a support; 

3 a continuous loop of conduit solidly mounted at its 

4 inlet and outlets ends to the support; 

an shielded electromagnetic driver acting on said 

loop for oscillating said loop about an oscillation axis, 
said shielded electromagnetic driver comprising 

a. a proximal end and a distal end, 

b. a coil assembly connected to said distal end, 

c. a magnetic assembly connected to said proximal 
end adapted to interact with said coil assembly, and 

d a shield assembly surrounding said coil assembly 
and said magnetic assembly, said shield assembly adapted to 
reduce the magnetic field exterior to said shield assembly; 

15 and 

16 a sensor adapted to measure the magnitude of 
Coriolis forces arising as a result of mass flow in the 
portion of said loop undergoing oscillatory motion. 

! 23. The Coriolis type mass flow meter of claim 22 

2 wherein said sensor comprises: 

a proximal end and a distal end; 
a coil assembly connected to said distal end; 
a magnetic assembly connected to said proximal end 
adapted to interact with said coil assembly; and 

a shield assembly surrounding said coil assembly and 
said magnetic assembly, said shield assembly adapted to 
reduce the magnetic field exterior to said shield assembly. 
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1 24. The Coriolis type mass flowmeter of claim 23 

2 wherein said driver and said sensor are juxtaposed on said 

3 loop. 

1 25 • The Coriolis type mass flowmeter of claim 23 

2 further comprising a second continuous loop of conduit 

3 solidly mounted at its inlet and outlet ends to the support. 

1 26. The Coriolis type mass flowmeter of claim 25 

2 wherein said loop and said second loop are substantially 

3 parallel. 

1 27. The Coriolis type mass flowmeter of claim 25 

2 wherein said driver and sensor are disposed between said 

3 loop and said second loop. 

1 28. The Coriolis type mass flowmeter of claim 27 

2 wherein the proximal ends of said driver and sensor are 

3 connected to one of said loops and the distal ends of said 

4 driver and sensor are connected to the other of said loops. 

1 29. The Coriolis type mass flowmeter of claim 28 

2 wherein said driver and sensor are juxtaposed. 

1 30. The Coriolis type mass flowmeter of claim 23 

2 further comprising a second driver and a second sensor, said 

3 drivers driving said loop at different points along the loop 

4 about said oscillation axis. 

1 31. The Coriolis type mass flowmeter of claim 30 

2 wherein the portion of said loop between said pair of 

3 drivers is a substantially straight section. 
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